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ABSTRACTS FROM THE MINUTES OF 

the meetings 

durikg 1935 


Staud Metiing, January 4^ lp 3 S 

RoiAJfD S. Morris, LL-B,, LL.D., DvC-L., L.H.D., 
President, in the Chair 

The President read the following radio message received 
from Little America: [Byrd Antarctic Eipedition IIJ. 

“I am pleased to report that the Seismic Soundings 
are coining along nicely and that we have to date about 
three hundred fifty soundings distributed over eighty 
stations. The method is proving ver>^ satisfactory and 
giving the ice thictness whether it is floating or grounded, 
if floating the thickness of the water layer as well as 
something of the stratification of the underlying rock. 

Regards 

(signed) Thomas C. Poulter."* 

The decease of the following members was announced: 

Sir E. A. Wallis Budge, Kt., M.A., LIct.D., F.S.A., at 
London, November 2.3, i934i 77 

Palmer C. Ricketts, CE,, E.D., LL.D., at New York, 
December lo, 1934, set. 78 

Theobald Smith, Ph.B., M.D., A.M., LL.D., Sc.D., at 
Princeton, December 10, t934i 75 

Roland B. Dixon, Ph.D„ at the town of Harvard, De¬ 
cember 30 , 193+, set 59 

G. Carl Huber, M.D., Sc.D,, at Ann Arbor, December 
26, 1934, act. 69 

Edward L. Bowles and Henry G. Houghton, Jr., Massa¬ 
chusetts Institute of Technology, presented a Report of 
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Progress orx “ Fog Dissipation by Hygroscopic Materia!,'* a 
project sponsored by the Society.- The paper was discussed 
by Mr. H. S. Morris and Colonel Wetherill. 

The following paper was read by title: 

“Siwalik Mammals in the American Museum of Natural 
History,” Edwin H. Colbert, American Museum of 
Natural History. (Introduced by Professor Scott.) 

Stated Meftitigf February jpjj 
EowtN G. CoNKLiK, Ph.D., Sc.D.j LL.D., 
Vice-president, in the Chair 

Herbert S, Jennings, Ph.D., Sc.D., LL.D., Henry Walters 
Professor of Zoology and Director of the Zoological Labora¬ 
tories, The Johns Hopkins University, read a paper on “ What 
is the Role of Mutations in Evolution?” The paper was 
discussed by Drs. McClung and Conklin. 

The decease of the following members was announced; 

Alba B. Johnson, LL.D., at Rosemont, Pa., January 8, 
1933 ^ 7 ^- 

Lyman B. Hall, Ph.D., at Haverford, Pa., January 20, 
I93S set. 83 . 

The following papers were read by title: 

“Manus Religion—An Ethnological Study of the Manus 
Natives of the Admiralty Islands,” R, F. Fortune. 
(Introduced by Dr. Donaldson.) 

“Description of Some Notoungulates from the Casa- 
mayor (Notostylops) Beds of Patagonia,” Elmer 
S. Riggs and Bryan Patterson, Field Museum of 
Natural History. (Introduced by Professor Scott.) 

The members of the Society will learn with regret that 
Dr. Arthur W. Goodspeed has resigned as Secretary of the 
Society. 

As the President stated at the last meeting Dr. Goodspeed 
has served as Secretary with amazing faithfulness for nearly 
thirty-four years. 


MINUTES 


XI 


The following resolution was adopted; 

That the members of the Society wish to express their deep 
regret at Dr. Good speed’s resignation and also their 
sincere appreciation of his long years of faithful service. 
It is hoped that his interest in the Society will riot 
diminish and that he will long continue his work as 
Editor of the Society’s publications. 

Stated Meeting^ March Jpjj 

Rou^nd S. Morris, LL.B., LL.D.j D.C.L., L.H.D., 
President, in the Chair 

Horace Howard F. Jayne, recently elected member, sub¬ 
scribed the Law'S and was admitted into the Society. 

The decease of the following members was announced: 
Herman V. Ames, A.M., Ph.D., Litt.D., LL.D., at 
Philadelphia, February 6, 1935, set. 70. 

C. David W^iie, B.S., D.Sc., at Washington, February 
7, 1935, set. 72. 

Lyon G. Tyler, A,M., LL.D., at Charles City County, 
Virginia, February iz, *935, Si- 
Elisha Kent Kane, C.E., at Kane, Pa., February 18, 
1935, act. 78. 

Samuel Alfred Mitchell, Ph.D,, LL.D., Director, Leander 
McCormick Observatory, University of Virginia, read a 
paper on “Solar Eclipse Problems,” which was illustrated with 
lantern slides. 

Annval General Alerting., April iS, /p, 20, 

Thursday Afarning, April iSth 
Executive Sessiorif p.'jo o*clock 

Rolaxo S. Morris, LL.B., LL.D., D.C.L., L.H.D., 
President, in the Chair 

The President presented a detailed account of the activities 
and finances of the Society. 

The following resolution was unanimously adopted: 
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111 

Rfsohfd: That the Society assembled in anmial meet- 
ing approve and adopt the recomniendatioii of the 
Council and auihorize the President under advice of 
counsel to abrogate the contract with the City of Phila¬ 
delphia and abandon all plans to build on the parkway 
and be it further Rfsolved that the President communicate 
with all contributors to the building fund and request 
said contributors to peirrut the use of said building fund 
for building or for the general purposes of the Society, 
authority being hereby given to the President, with the 
approval of the Council, to return to any contributor the 
whole or any part of his contribution should the President 
and Council deem such action advisable. 

The President announced that Mrs. Lewis had made a gift 
of $10,000 to the Society in memory of her husband, John F. 
Lewis; the income to be used each year as an award to the 
American citizen who shall announce at any general or special 
meeting of the Society, and publish among its papers, some 
truth which the Council of the Society shall deem worthy of 
the award. 

The following resolutions were unanimously adopted: 

Rgsohid: That the question of the acceptance and the 
terms of acceptance of the W'alter Wood bequest be 
referred to the Finance Committee which Committee 
shall have full power and authority to act for the Society, 
and to pay out of the funds of the Society such sums as 
may be required to release the real estate bequeathed 
from the lien of decedent’s debts. 

Resohtd^ That it is the sense of this meeting that the 
Society formally accept the Constitution of 1873 and the 
Non-profit Corporation Law of 1933 and that the Charter 
of the Society be amended to enable the Society to ac¬ 
complish the purposes set forth in the preamble and 
Further Rfiolu^d, That the Officers of the Society be 
empowered and directed to take all necessary action to 
accomplish this purpose including the calling of such 






MINLTES 


Xlll 


special meeting or meetings of the Society as may be 
necessary. 

Resolved, That an award of Ji ;oo from the Henry M. 
Phillips Prize Essay Fund be made to Lon Fuller for his 
work on the Science and Philosophy of Jurisprudence, 
culminated in his last paper, “American Legal Realism,” 
and that the award be made at a Special Meeting of the 
Society to be held on October 4, I93S* 

The decease of the following members was announced; 
William Duane, Ph.D,, Sc.D., at Devon, March 7, 1933, 
set. 63. 

Michael I. Pnpin, Ph.D., Sc.D., LL.D., at New York, 
March la, i 935 > 7^. 

William J. Sinclair, Ph.D., at Princeton, March 26, 
1935, set. 58. 

Adolph S. Ochs, LL.D., Litt.D., at Chattanooga, Tenn,, 
April 8 , 1935, »t- 77 - 

Dr. Conklin, Chairman of the Committee on Grants, pre¬ 
sented his report. 

Morning Session, 10:^0 o^clock 

Edwtn G. CoNKLiJf, Ph.D., Sc.D., LL.D., 
Vice-president, in the Chair 

The following reports of Progress on Projects sponsored by 
the Society were presented: 

“Factors AIFecimg Mutation Rate in Seeds of Datura.” 
J. L. Cardedge, A. F- Bbkeslee, Department of 
Genetics, Carnegie Institutian of Washington, and 
L. V, Barton^ Boyce Thompson Institute for Plant 
Research* 

“ Further Biological Studies on the Thymus Gland* 
Leonard G* Rowntree, Director, Philadelphia In-* 
stitute for Medical Research* Discussed by Dr^ 
Donaldson. 

“ Species Relationships in Onagrap” Ralph E. Cleland, 
Gouchcr College and 1 \ A- Munz, Pomona College* 
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“The Furness Variorum Shakespeare.” M. A, Shaaber, 
University of Pennsylvania. 

“Research Work on Element 91.” A. \. Grosse, Uni¬ 
versity of Chicago. 

“The Nature of the Primary Cosmic Radiation.” W. 
F. G, Su'aim, Director, Bartol Research Foundation 
of the Franklin Institute. 

“An Automatic Respiration Calorimeter for Study of 
the Continuous Heat Production of Small Animals.” 
John R, Murlin and William M. Barrows, Jr., Depart¬ 
ment of Vital Economics, University of Rochester. 

A written report from Edward L. Bowles and H. C. 
Houghton Jr. on their Fog Dissipation project was submitted. 
Dr. Conklin gave a brief outline of the results attained. 

.A Report of Progress on the White River Fauna by 
William B. Scott and Glenn L. Jepsen was presented. 

J/tfrnoon Session, 2 o*clock 

RotAVD S. ATorris, LL.B., LL.D., D.C.L., L.H.D., 
President, in the Chair 

Edward L. Thorndike, recently elected member, sub¬ 
scribed the Laws and was admitted into the Society. 

The following papers were read: 

“Slavonic Loan Material in Hungarian,” John Dyneley 
Prince, Professor of Slavonic Languages, Columbia 
University. (Read by title.) 

“The .Alps in History/’ Walter Woodbum Hyde, 
Professor of Greek and Ancient History, University 
of Pennsylvania. (Introduced by Dr. Montgomery.) 

“Dictatorships and Democracy,” Robert Brooks, Pro¬ 
fessor of Political Science, Swarthmore College. 
(Introduced by Dr. Lingelbach.) 

“Mr. Jefferson, The William Byrd Manusenpts, and 
The American Philosophical Society,” St. George 
L. Sioussat, Professor of .American History, University 
of Pennsylvania. 
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'‘Some Fragments of the Oldest Beatty Papyrus in the 
Michigan Collection/’ Henry A, Sanderst Professor 
of Latin, University of Michigan, 

“Publication as a Scientific Problem,” J. R. Schramm, 
Editor-in-Chief, Biological Abstracts, University of 
Pennsylvania. 

“ Proposed Reforms of the Gregorian Calendar,’’ Arthur 
E. Kennelly, Professor Emeritus, Harvard University. 

“’Phe Paradox of Science,” E, L. Thorndike, Pro¬ 
fessor of Psychology, Teachers College, Columbia 
University, 

“The Revolt Against Taste,” Harrison S. Morris, 
Philadelphia. 

Thursday etsenin^, S o^ciork 

The R. a. F. Penrose, Jr., Memorial Lecture 

W. F. G. Swann. Director, Bartol Research Foundation 
of the Franklin Institute, spoke on *‘ls the Universe Running 
Down^” 

Friday Mornings April igth 
Executive Session, p.’jo o'clock 
Roland S. Morris, LL.B,, LL.D,, D.C.L., L.H.D., 
President, in the Chair 

Jesse S. Reeves, recently elected member, subscribed the 
Laws and was admitted into the Society. 

The proceedings of the Council were submitted. 

The Society proceeded to an election. The tellers sub¬ 
sequently reported that the following officers and members 
had been duly elected: 

President 
Roland S. Morris 

Fice-presideats 
Edwin G. Conklin 
Robert A, Millikan 
Henry H. Donaldson 
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Secretaries 
John A. Miller 
William E. Lingelbach 

Curator 

Albert P. Brubaker 
Councillors 

(To serve for three years) 

Frank Aydelotte 
Isaiah Bowman 
Gustavus W. Cook 
Harlow Shapley 

(To fill uneipired term) 

(To serve for two years) 
William Trelease 

Members 

Residents of the United States 
Roger Adams, Urbana, Ill. 

Leo H. Baekeland, New York, N. Y. 

Fran^ Boas, Grantwood, N, J. 

L. J. Briggs, Washington, D. C. 

William L. Bryant, Providence, R. I. 

Rhys Carpenter, Philadelphia, Pa, 

George Ellett Coghlll, Philadelphia, Pa. 
James Bryant Conant, Cambridge, Mass. 

H. N. Davis, Hoboken, N. J, 

Frederic Adrian‘Delano, W'ashington, D. C. 
Harold Willis Dodds, Princeton, N, J. 
Franklin Edgerton, New Haven, Conn. 
Frank Albert Fetter, Urbana, 111 . 

Dixon Ryan Fox, Schenectady, N. Y. 
Yandcll Henderson, New Haven, Conn. 
Karl Land Steiner, New York, N. Y. 

Charles Edward Mcrriam, Chicago, 111 . 
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George Richards Minot, Boston, Mass. 

Eugene Gladstone O'Neill, Sea Island, Ga. 

Frederick Leslie Ransome, Pasadena, Calif, 

.Alfred Newton Richards, Philadelphia, Pa. 

F. K. Richtmyer, Ithaca, N. Y. 

Harold Clayton Urey, New York, N. V. 

Hermann Weyl, Princeton, N. J. 

William Hammond Wright, Mt, Hamilton, Calif. 

Foreign Resident 

Arthur Berriedale Keith, Edinburgh, Scotland 

Dr. Sioussat gave a resume of the Library Committee's 
Report and of its future plans. (Which is on hie.) 

The purchase of the Bache Collection was considered. 
After full discussion the meeting adopted the following reso- 
lutioni 

Resohedj That the purchase of the Bache Collectiou 
be left to the full discretion of the President and Council, 

Dr. Donaldson presented a short report on the activities 
of the Committee on Publications, 

Dr. E. V. Huntington moved that a Committee be ap¬ 
pointed to study and report upon the question as to whether 
or not the Society should endorse either of the two principal 
proposals for calendar reform mentioned in the League of 
Nations Report of 1931, -A Committee of three was so ap¬ 
pointed. 

Mcrning Sesstoity 10:30 o*dock 

Robert .A. Millikan, Ph.D., Sc.D., LL.D., 
Vice-president, in the Chair 

The following papers were presented: 

“Electrical Distributions on Circular Cylinders,” E. P, 

Adams, Professor of Physics, Princeton University'. 

“Methods for the Separation of Isotopes,” Harold C. 

Urey, Professor of Chemistry'", Columbia University. 

(Introduced by Dr. Taylor.) 
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“The Nervous Control of the Heart,” Detlev Bronk^ 
Professor of Biophysics and Director, Eldridge Reeves 
Johnson Foundation for Medical Physics, University 
of Pennsylvania. 

“Chromosome Linkage and Gene Linkage in CEnothera 
Lamarckiana,” George H. Shull, Professor of Botany 
and Genetics, Princeton University and John Theron 
Illick, University of Nanking, China, 

“Relationships between CEnothera Blandina and CEno* 
thera Franciscana,” Bradley M. Davis, Professor of 
Botany, University of Michigan. 

“The Distribution of Living Plants in Relation to 
Geological History,*’ M, L. Fern a Id, Fisher Pro¬ 
fessor of Natural History, Harvard University. (In¬ 
troduced by Dr. True.) (Read by title.) 

“The Antarctic Flora of Pre-glacial Times as Explained 
by the Present Distribution of Plants in the Southern 
Hemisphere,” Carl Skottsberg, Visiting Professor, 
Botanical Department, Yale University. (Intro¬ 
duced by Dr. True.) 

“The Pedicellate Peppers of South America,” William 
Trelease, Professor Emeritus, University of Illinois. 
(Read by title.) 

Afternoon Sesson, 2 o'clock 

Enwiy G, Co^’liLI^’, Ph.D., Sc.D., LL.D., Vice-president, in 

the Chair 

The following papers were presented: 

“Some Reflections Regarding Human Heredity,” Ales 
Hrdlicka, Curator, Division of Physical .Vnthtopology, 
U. S, National Museum, Smithsonian Institution. 

“Development and Correlation of Research in Physical 
Anthropology at Harvard University,” Earnest A. 
Hooton, Professor of Anthropology, Harvard Univer¬ 
sity. 

“Ciyptaspls and other Lower Devonian Fossil Fishes 
from Beartooth Butte, Wyoming,” William L. Bryant, 
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Director, Park Museum. (Introduced by Dr. W. B. 
Scott.) (Read by title.) ^ ^ 

“Carnivora and Insectivora on the White River Beds,” 
William B. Scott, Professor Emeritus and Glenn L. 
Jepsen, Princeton University. 

“The Disappearance of Primary Caudal Bands in the 
Tail of Fundulus and Its Relation to the Neuro- 
humorai Hypothesis,” G. H. Parker, Director, Zoo¬ 
logical Laboratories and Professor of Zoology, Har¬ 
vard University. 

“A Provisional Hypothesis of Child Development,” 
Charles B. Davenport, Department of Genetics, Car¬ 
negie Institution of Washington, Cold Spring Harbor. 

“Old .\ge Furnishes a Concept of Basal Metabolism, 
Francis G. Benedict, Director, Nutrition Laboratory, 
Carnegie Institution of Washington, Boston. 

“The Reproductive Capacity of Fungi with Example 
from a Giant Puff Ball,” Albert F. Blakcslee, .AiCting 
Director, Department of Genetics, Carnegie Institu¬ 
tion of Washington, Cold Spring Harbor, 

“Aspects and Implications of the Hormonal Control of 
the Maternal Instinct,” Oscar Riddle, Research Staff, 
Station for Experimental Evolution, Carnegie Insti¬ 
tution of Washington, Cold Spring Harbor. 

“The Behavior of the Neuromotor System of the Ciliates 
at Binary Fission,” Charles A. Kofoid, Professor of 
Zoology, University of California. (Read by title.) 

Saturday Morning, Jpril 20th 
Morning Session, to o*dock 

Rocand S. Morb-ts, LL.B., LL.D,, D.C.L., L.H.D., 
President, in the Chair 

Arthur J. Dempster, W. D, Harkins, Norman L. Bowen, 
and Harold C. Urey, recently elected members, subscribed 
the Laws and were admitted into the Society. 

The following papers were presented: 
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“Cosmic Rays/* Robert A. Millikan, Director^ Noman 
Bridge Laboratory of Physics, and Chairman^ Execu¬ 
tive Council, California Institute of Technology, 

“The Composition of Cosmic Rays/* Arthur H, Comp¬ 
ton, Professor of Physics, UnU’^ersity of Chicago. 

“The Atmospheres of the Planets/^ Vesto M. SHpher, 
Director, I-owcll Observatory. 

Problems Presented by a Study of Fireballs Recently 
Observed in America/^ Charles P, Olivier, Professor 
of Astronomy and Director of the Flower Observa’- 
torj% University of Pennsylvania. 

“New Methods in Mass Spectroscopy,^* A* Demp¬ 
ster, Professor of Physics, University of Chicago. 

JfUrnoon Sfssionj 2:jo clock 
The meeting was held in the Franklin Institute. 

Dr^ Howard McClenahan, Director, gave a brief sketch of 
the history and activities of the Franklin Institute. 

Saturday Evening^ o^clock 
The annual dinner was held at the Bellevue Stratford 
Hotel, President Morris presiding^ 

The speakers at the dinner were Harlow Shapley, Edwin 
G. Conklin, and Henrj^ H. Donaldson^ 

Special Meeting^ October 4^ IQJS 
Roland S- Morris, LL.B., LL.D., D.C.L., L.H.D., 
President, in the Chair 

Frank P. Graves, recently elected member, subscribed the 
Laws and was admitted into the Society. 

The President called for a repprt of the Sub-committee of 
the Council on the Revision of the By-laws appointed in 
accordance with the action of the Council at its meeting in 
January 1935- 

Professor Conklin reported for the Committee, submitting 
the proposed revision of the By-laws which had been printed 
and duly distributed to the membership for consideration. 
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Dr. Sloussat moved lhat the report on the amendment to 
the Laws be accepted as submitted subject to the various 
amendments and suggestions submitted during tlm meeting. 
I'be Laws were on motion accepted under these conditions and 

referred back to Council. ^ 

Conformable to the Charter and Laws of the Societjr and 
the Nonprofit Corporation Law^ there were submitted in 
w^rtting the following proposed amendments to the Charter 
and form of .Acceptance of the Constitution of the Common¬ 
wealth of Pennsylvania and the Nonprofit Corporation Law; 

Articles of Amfnubjiext 
Article 1 

Notwithstanding the Proviso at the end of the first para¬ 
graph following the preamble of this Charter, or any other 
proviso thereof, the Society shall have the capacity and 
authority without limitation by this Charter to purchase, take, 
receive, lease as lessee, take by gift, devise or bequest or 
otherwise acquire, and to own, hold, use, and otherwise deal 
with any and all real or personal property, or any Interest 
therein, wherever situated. 

Article U 

And provisions of this Charter which are purely administra¬ 
tive in their nature, including those concerning the officers, 
the members of the councU, and the date and time of meetings, 
may be altered by a law, regulation or ordinance of the 
Society duly adopted and not repugnant or contrary to the 
laws of this Commonwealth. 

The foregoing proposed amendments and certificate of 
acceptance were submitted pursuant to a resolution adopted 
by the Society at its E.xeculive Session held on Thursday, 
.April 18, 1935, authorizing the officers of the Society to take 
all necessary action to amend the Charter and to accept the 
Constitalion. 

The following resolutions recommended by Council were 
adopted by the Society: 


iiii 


MINUTES 


. Risolaed, That the American Philosophical Society, 
having considered the two principal proposals for calendar 
reform mentioned in the League of Nations Report of 
1931, hereby expresses its preference for the 12-month 
plan known as the World Calendar; and 

Resolvtd^ That the Society would welcome the 
adoption of this 12-month plan, provided a substantially 
unanimous agreement among the cmlized peoples of the 
world is secured In favor of the change. 

Copies of the above resolutions were ordered sent to the 
League of Nations, the State Department, the World Calendar 
Association, and the International Fixed Calendar League. 

Evening Session^ S:i^ c^ciock 
Roland S. Morris, LL.B,, LL.D., D.C.L., L.H.D., 
Preside'nt, in the Chair 

The President presented the Henry M. Phillips Prize 
Award with an engrossed congratulatory statement to Lon L. 
Fuller of Duke University for his work on the Science and 
Philosophy of Jurisprudence culminated in his article “.Amer¬ 
ican Legal Realism.” 

Dean Goodrich of the University of Pennsylvania intro¬ 
duced Dr. Fuller. Dr. Fuller made a short response to this 
introduction. 

Thomas C. Poulter, Second in Command of the Byrd .Ant¬ 
arctic Expedition II, gave an interesting account of the Ex¬ 
pedition which was illustrated by motion pictures. This was 
the first field report on the expedition made by Dr. Poulter. 

Stated Meetingt November I, 

Hexrv H. Donaldson, Ph.D., Sc.D., Vice-president, in the 

Chair 

The decease of the following members was announced: 

Charles E. St. John, B.S., A.M-, Ph.D., Sc.D., at 
Pasadena, Calif., April 26, 1935, aet. 7S. 

Edwin Brant Frost, A.M., Sc.D., at Williams Say, VVIs., 
May 12, 1935, set. 69. 
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Hernu.n CoHiti, A.M., Ph.D., L.H.D., at Baltimore, 

Md., May 13 , 1935. „ „ j 

Hugo de VHcs, D.L., D.Sc,, at Luntcren, Holland, May 

21, 1935, Ki- 37. _ , 

Edward S- Dana, Ph.D., at New Haven, Conn., June ib, 

Xh^misTicC^ae, A.B., M.D., at Philadelphia, July i, 

Ha‘r”d Sodwin. A.B., A.M.. LLB., at Philadelphia. 

August 16, 193s, 85. ^ IT A‘ 

Charts Elwood Mendenhall, B.S.. Ph.D., at iMadison, 

Wis., -August 18, 1935. ^3- ,, ^ c ,1^ 

Barton Cooke Hirst, A.B., M.D., LL.D., Sc.D., at 
Philadelphia, September i, 193S- 7+ 

Altaander C. Abbott. M.D.. St.D., Dr. P.H., at Cape 

Cod, September ii, i93S> 75- 

William Wallace Attcrbury, Ph.B-, M.A., LL.U., at 
Philadelphia, September 20, 1935, a:t. ^ 9 - 
Carl Bams, Ph.D., LL.D., at Providence, R. L, Sep¬ 
tember 2.0, 193S) 79- 1 TTC A at 

Adolph Washington Greely, Major General, U-S.A., at 

Washington, D.C,, October 21, I93S» 9** 

Roderick Macdonald, Director of the Zoological Garden of 
Philadelphia, presented a paper on The Symmetry m 
based upon the Study of the Echinoderms, which was illus¬ 
trated by lantern slides. The paper was discussed by a guest. 

A miniature of Benjamin Franklin was presented to the 
Society by Mrs. Joshua L- Barton and on motion thanks were 

'^’^^A^^irtralt of Andrew Carnegie, in commemoration of the 

one hnndredth enniverenry of his birth 

Society by the Carnegie Corporation of New Aork, and 

^ccept^d with thanks. 

The following resolution, recommended by the Committee 
on Library, was adopted by the Society: . , - . t 

Resolved, That the American Philosophical Society s 
Committee on Library hereby places on record its deep 
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appreciation and gratitude for the verj^ generous gift of 
one hundred and seventy-eight volumes presented by 
Mrs. Gest in memory of her husbandj Judge John 
Marshal! Gest^ an honored member of the Society from 
J9ai until his death, November 30, 1934. 

Slated Mfftingj DfC^mber d, ipSS 

Roland S. Morms, LL.B-, LL.D., D*C*L*, L^H.D., 

President, in the Chair 

The decease of the following members was announced: 
Henr}^ Fairfield Osbonii Sc*D,, Ph.D., LL.D,, at Gar- 
risonnan-^Hudson, N. Y., on November 6, 1935^ set. 78- 
James Breasted^ Ph.D*, LL.D*, at New York, on 
December 2, 1935, set. 70^ 

The dates of the Annual General Meeting, April 23, 24^ 
25, 1936, were formally approved. 

The Council's recommendation that the President be 
authorized and directed to renew the offer for the Bache col¬ 
lection was on motion unanimously carried. 

On motion the proposals to accept the Constitution and 
the Nonprofit Corporation Law, and to amend the Charter of 
the Society were submitted to the vote of the members. 
Both proposals had previously been submitted In writing at 
the meeting of the members held on Friday, October 4, 1935. 
Notice that action would be taken on the proposals at this 
meeting was given to each member under date of November 9, 
1935. Similar notice was published In the Legal Intelligencer 
on November 20, 1935 and in the Philadelphia Inquirer on 
November 20, 1935^ conformable to the requirements of the 
Charter and Laws of the Society, and the Nonprofit Cor-^ 
poration Law* Both proposals were adopted by a unanimous 
vote, there being twenty-one members present, not less than 
four of whom are members of CounclL 

Purstiani: thereto the following resolutions were adopted, 
to be incorporated in these minutes: 
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Whereas cod form able to the Charter and Laws of The American 
Philosophical Society proposed amendments to the Charter of the 
Society were heretofore submitted in writing to the members: 

thrrffQTf bi it ffjo/wd that the said amendments to the 
Charter of the Society as heretofore submitted be and are hereby 
approved and the proper officers of the Society are instructed to pro¬ 
ceed to make them effective by petitioning the Courts of Common 
Pleas and to take all other actions necessary to that end under the 
Nonprofit Corporation Law of the Commonwealth of Pennsylvania. 

Whereas conformable to the Charter and Laws of The American 
Philosophical Society the proposal to accept the Constitution of 
Pennsylvania and the Nonprofit Corporation Law was heretofore 
submitted in writing to the membere: 

Now hr h frsolwd that the said proposal as heretofore 

submitted be and the same is hereby approved, 

And br it further rr^ohri^ that the officers of the Society are 
hereby empowered and directed on its behalf to cause a Certificate 
of Acceptance to be filed with the Secretary of the Comtnonwealth 
in the form required by law, to wdt; 

Certificate of AccErrASCE 

T. The name of the accepting corporation Is The American 
Philosophicaf Society held at Philadelphia for pro moling useful 
knowledge. 

2 . The American Philosophical Society was created by the Act 
of Assembly approved March 15 ^ L-B- No. ij 3^3- 

3 . The American Philosophical Society herewith accepts the 
Constitution of Pennsylvania and the provisions of the Nonprofit 
Corporation Law'. 

4 . The acceptance made herewith was duly authorized by a 
meeting of the members called for that purpose, held in Philadelphia 
OR the sjsth day of December^ ^935^ 


Prejidrnt 

(&EAt) 

Filed this day of _ 

Jsstslant Sr^tnary 


Srerri^ry of tkr Commonw^Uk^ 

The matter of the proposed settlement of the claim of 
certain New jersey charities to the gas holder at Millville, 
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New Jersey^ under Item 7 of the Will of Walter Wood, d<^ 
ceased, was then brought before the meeting* 

The Coundl^s and Finance Commktee*s tecemmendatiDn 
was presented. 

Upon hearing this report and recommendation, on motion 
duly made and seconded it was 

that the proper officers of the Society be authorized and 
instructed in the name of the Society to execute the said Agreement 
and pursuant thereto to execute whatever deeds of conveyance or 
other papers might be necessary to earr^-^citt the said Agreement, the 
properties to be sold by the Society are listed and on file. 

The following request was approved by the Society: 

The Library Committee of the American Philosophical 
Society favorably recommends to the Society for action 
m a request from the Department of Botany, British 

Museum (Natural History), for a set of the Franklin 
Calendar. 
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THE DISAPPEARANCE OF PRIMARY CAUDAL BANDS IN 
THE TAIL OF FUNDULUS AND ITS RELATION 
TO THE NEDROHUMORAL HYPOTHESIS 

G. H. PARSER 
iHtaJ April Ifi, 193s) 

1. iNTRODUCTtON' 

Tt is well known that a pnniar 7 caudal band in the tall 
of the klllifish, Fuyidulus kfleroditus, produced by cutting the 
bundles of small nerves in the axial ray of the band will dis¬ 
appear Jn a few days provided the fish is kept in an illuminated 
aquarium with white walls. The method of disappearance 
of such a band was first described by \fllls (193^**^ 193 ^'^) 
according to whom the band does not disappear as a whole 
Simultaneously^ but fades first on its margins after which this 
change progresses gradually inward tili at last the axis of the 
band, the final part to fade, is reached. This progressive 
method of disappearance of the band in Funduius has been 
confirmed (Parker, 1934*1) and its occurrence in other fishes, 
such as dtnetufus nebulostts^ has been pointed out (Parker, 
1934^). 

In none of these instances, however, has a particular 
primary band in a given li^dng fish been observed closely and 
continuously to ascertain the exact steps in the disappearance 
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of the band. This has been attempted in the present study 
in which the identical region in a primary band in the tail of a 
living has been photographed hour by hour for 

comparison. By this means a series of views of the changing 
band has been obtained in which the details can be followed 
with great accuracy. In such a set of photographs it is even 
possible to study the changes in an individual mclanophore 
from its initial suge with the pigment fully dispersed to that 
some two days later when the pigment is fully concentrated. 
Such a scries of photographs thus offers very unusual oppor¬ 
tunities for the study of these bands and their melanophores, 
and enables comparisons hitherto quite impossible. Several 
sets of these photographs were obtained. Each set was taken 
from the tail of a gU'en live fish placed so accurately under the 
microscope that at each exposure exactly the same region was 
in the field. For this purpose the microscope had attached 
to it a Leica Camera by which snap-shot exposures could be 
taken at any moment. For the use of this outfit and for the 
making of the photographs I am indebted to Mr. A. A. 
Abramow'ita. 


2 . Observations 

Of the twenty fin-rays commonly found in the tall of Fun~ 
diilus tJie extreme dorsal and ventral members of the series are 
single unbranched filaments that taper from their bases to 
their ends near the free edge of the tail. The rays in the cen¬ 
tral region of the tail branch dichotomously and they may 
show as many as three such divisions so that a single stout 
ray at the base of the tail may be represented by as many as 
eight rays near the posterior edge of that structure. As one 
passes from the dorsal or ventral edge of the tail toward its 
center all conditions of rays are met with from the unbranched 
to the fully branched type. For the greater flexibility of the 
tail each ray is composed of a series of pieces separated by 
joints much as the vertebral column is (Plate 2). 

A transverse section of the tail-fin of Fundutus at right 
angles to the rays is shown in Fig. 1 (Plate i). Here the left 
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Side of the tail-fin is above, the right below. The fin-ray, 
seen in section near the middle of the figure, consists of two 
folded plates, one left, the other right. The fold in each plate 
indicates the beginning of the separation of this ray into two, 
a step which will occur in a region distal to where this section 
was taken. The two folded plates approximate one another 
in the middle of the fin but do not unite. The region of 
nearest approach Is represented by a slit which extends length¬ 
wise along the ray and through which blood-vessels and nerves 
pass in or out between the cavity of the rays and the adjacent 
tissue. In the cavity of the ray and especially near its axis 
are to be found numerous small bundles of nerve-fibers and 
small blood-vessels (Figs, i and 4). The skin of the fin con¬ 
sists of a relatively thick, irregular epidermis and of a much 
more uniform but folded derma (Figs, l and 2), The inter- 
radial tissue filling the space between the skin on the two sides 
of the fin and the two adjacent rays (Fig. r) is loose and open, 
and well supplied with blood-vessels and with branches of 
nerves from the cavity of the rays. 

Mclanophorcs are located on the Inner face of the derma 
of the interradial regions (Fig. a). They do not occur 
immediately below the skin in the radial regions. Here they 
are located within the ray itself especially next the folds of the 
ray plate (Figs, i and 4) and about the slits between the two 
plates (Figs. I and j). So far as 1 am aware all melanophores 
lie thus in the deeper parts of the fin; apparently the derma and 
epidermis contain none of these structures. 

When the base of a caudal ray is cut through, a process 
that can be accomplished easily by a one-millimeter dental 
chisel working against wood, all the nerves and blood-vessels 
in the ray are severed. The nerves thus cut are the nerves 
distributed to the ray and its branches if it Is a branched ray. 
Each set of such nerves is limited strictly to a given ray and 
its branches. There appears to be no overlapping between 
the nerves that start with a given main ray and those of the 
next main ray. The blood-vessels of one ray, however, 
freely anastomose with those of adjacent rays so that after a 
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ray has been cut, though the ray and its branches are com¬ 
pletely denervated, the blood circulation in its part distal to 
the cut is In consequence of theat collateral connections es¬ 
sentially normal. If, however, three or more adjacent rays 
are cut, the collateral circulation is Interfered with to such an 
extent that in a few days the tissue of the region becomes 
necrotic and Is sloughed off. As is well known when a single 
basal ray is cut in the way just described, the mclanophores 
over the whole area thus denervated disperse their pigment 
and produce a dark streak, the primary caudal band. This 
band will remain for several days in a fish which is kept in an 
illuminated vphite-walled aquarlam, a eondkion under which 
the fish as a whole is light-tinted. But such a band after a 
few days blanches and the area of the tall occupied by it 
becomes as light as that of the rest of the fish. It is this 
process of blanching as seen in primary bands that forms the 
subject matter of this paper. 

Plate z represents a series of photographs taken from the 
identical region of a primary band in the tail of a living 
Fandulus and at stages ranging from 40 minutes after the 
exciting cut had been made (Fig. 7) to 5 ® hours and 10 min¬ 
utes after that event (Fig. la). The spot on the band which 
had been chosen for photographing was one in which the basal 
ray is represented by four rays through two dichotomous 
branchings and in which a third branching is about to take 
place as shown in the rays in the upper part of each figure. 
Three of the four rays show this branching clearly, the fourth 
one, to the extreme left, being unbranched at this level. A 
comparison of the details in the four rays will show at once 
that the several photographs are in agreement. A good 
point of reference is the most deeply cleft ray which shows in 
each photograph at the crotch of the cleft a large melano- 
phore. As one progresses over the series this melanophore 
shows a gradual concentration of its pigment from the condi¬ 
tion seen shortly after the cut had been tnade (Fig. 7, 40 
minutes) to its maximum concentration (Fig. ii, 10 hours 
10 minutes). In Fig. iz the pigment of this particular melano- 
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phore appears to be verjf slightly more dispersed than it is in 
Fig. I i. When the whole series of photographs is compared, 
the maitimum dispersion of pigment as seen in Fig. 7, the 
40-minute stage, is in striking contrast with the full concen¬ 
tration of pigment as seen in Fig. ii, 5S hours 10 minutes. 
The transition from one stage to the next ordinarily forms a 
simple sequence. 

When this transition is closely scrutinized the method of 
disappearance of the band as due to the changes in the melano- 
phores can be made out. Shortly after the band was formed 
(Fig. 7) all the melanophores in it showed a marked dispersion 
of pigment and the edge of the band in this respect was found 
to be essentially the same as the center. After the band had 
reached a stage of approximate blanching (Fig. la), the pig¬ 
ment of alt melanophores, those on the edge as well as those in 
the center, was about equally concentrated. Between these 
two extremes, however, a stage can be found (Fig. 9, 4 hours 
10 minutes) at which the pigment in the melanophores of the 
edge is more fully concentrated than that in those of the 
center. This condition can be seen by a close comparison of 
the melanophores of the central area of the band with those 
outside the outermost of the four fin-rays in Fig. g. This 
comparison, however, can be better made by tabulation. 

For this purpose the whole band in Fig. 9 was divided into 
definite areas, each area containing the same individual 
melanophores of which the conditions of pigment dispersion 
or concentration ivere then recorded for the three stages al¬ 
ready indicated. For comparison four conditions in the 
pigment of the melanophores were arbitrarily chosen. These 
were/u// dispersion of pigment as is well shown in most of the 
melanophores in the band in Fig, 7 and as is shown enlarged in 
Fig. 6 (Plate i); part dispersion of pigment as seen in most of 
the band melanophores in Fig. 8 and enlarged in the central 
melanophore in Fig. 5; stellate condition where the pigment is 
concentrated but with a few short processes, many of the band 
melanophores in Fig. iz, and the central melanophore in Fig. 
6; and finally the punctate condition where the pigment is 
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to o control dot oo .con in the molanophoro. 

beyond the band and to its extreme right or left m tig. 7- 
These four arbitrarj' conditions afford a convenient basis or 
describing the states of the melanophores in the several stages 

of the band. , . „. 

Three areas in the band were chosen for comparison, 

first, that area which is to the left of the left external ray and 
which may be designated as the lattral arfa; second, the are 
between this ray and the next one proceeding towai^ ^ 
the sub-axial arfa; and the axial area in the axis of the ban^ 
and bounded right and left by the two rays nearest this 
axis. These areas were thus bounded laterally by rays, 
distal and proximal boundaries were arbitrarily marked by 
lines drawn transversely to the fin-rays and at specific Joints 
in these rays. With this layout the conditions of the indi¬ 
vidual melanophores in each area and for each stage of change 
were then determined by a study of the photograp s. 
tabulation made on the basis of the statistics thus brought 

together is given in Table i. / u ■ ■ 

it will be seen from Table i that 40 minutes after the ini¬ 
tiating cut had been made the conditions of the pigment in the 
melanophores of the three areas of the band, lateral, sub- 
axial, and axial, were much the same (Fig. 7). In all instances 
the pigment was either fully dispersed or partly dispersed and 
in not far from the same proportions; dispersed 71 per cent in 
the lateral area, 82 per cent in the sub-axial, and 79 pet cent 
in the axial. In a corresponding way at 58 hours 10 minutes 
after the cut had been made all three areas presented essen¬ 
tially the same state. Here the melanophores were either 
stellate or punctate (Fig. 12), the stellate per cents being 53 
for the lateral, 61 for the sub-axial, and 59 for the axial. In 
other words, at both the early and the late stages of the band 
the conditions of the pigment in the three areas are essentially 

the same. 

When, however, the intervening stage of 4 hours 10 min¬ 
utes is examined this uniformity is not found to be present. 
At this stage the lateral and sub-axial melanophores are 
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TABLE ( 

Condi Lion of tlir mclanOphorH (pi^cnl fully dupfriid^ D| partly PD; 

jirilaUf Sj concemraied or P) in ikw definite amt i primary bmd (out- 

*ide ihfr ouiennME tty, lairia!;: between thit ray and the aeii onCp suh-axidl; and In the 
mol area) ai itaK« follcnvin^ the iniiiaf run by 4<3 tninLiiea, 4 hourf to minuteii and 
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main!}' stellate, 84 and 76 per cents respectively, while the 
axial metanophores are 34 per cent part dispersed, 60 per 
cent stellate, and only 6 per cent punctate. Evidently at this 
stage the pigment of the melanophores in the axial area is 
much more dispersed than it is in the other two areas. In 
this respect the axial area at this stage Is more like what it 
was at 40 minutes after the cut than the other two areas are, 
a state which shows clearly when all stages are compared 
(Fig. 7 to 13) that as the primar>'^ band begins to change from 
one of full depth of tint (Fig. 7) to one nearly blanched (Fig, 
la), the change does not affect the whole band simultaneously 
but progresses from its edges to its axis. This peculiarity of 
the change was originally observ'ed and recorded by Mills 
as already stated. It is here fully confirmed and first demon¬ 
strated by photographic records. 
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A second series of such records takeri from another living 
Fundului like that last described is shown in Plate 3 in which 
the figures are arranged as in Plate 2. In Plate 3 the earliest 
stage, that of [5 minutes after the cut, is to be seen In Fig. 13 
and the latest, 54 hours after the cut, in Fig. 18. An inspect 
tlon of this series of photographs shows without closer analysis 
the same conditions as those seen in Plate z. The similarity of 
the three areas at the first stage (Fig. 13) and at the last otie 
(Fig. 18) is evident and the greater dispersion of the pigment 
in the axial area at the intervening stage (Fig. 15) as com¬ 
pared with its conditions in the other two areas at this stage 
is obvious. 

ft Is clear from the two instances (Plates 2 and 3) that as 
the pigment of the primary band changes from the dispersed 
to the concentrated condition in the course of time in a light- 
tinted fish, this change does not affect the band as a whole 
simultaneously but begins at the margins and works toward 
the axis. These detailed observations, therefore, confirm 
the view that the gradual blanching of a primary caudal 
band is not due to materials brought to the band by blood 
and lymph which, as Fig. i shows, have access to the whole 
under surface of the band and would therefore affect it uni¬ 
formly, but that the operation is a lateral one as though the 
band were invaded by material coming from the surrounding 
blanched portion of the tall (Mills, 193 za, 193^^1 Parker, I9|4 <>t 
1934^). Such a view is entirely in keeping with the neuro- 
humoral hypothesis (Parker, 1932) and in that sense gives 
support to this conception. 

In the course of these studies many thousands of indi¬ 
vidual melanophores have been inspected. From time to 
time two rather striking and exceptional conditions have been 
noted. They are given in Figs. S ®ttd 6 (Plate i) which were 
taken from preseiv^ed material. In one, Fig. 5, a single 
melanophore is seen with its pigment in a partly dispersed 
state though it is a member of a general field in which all 
others are cither stellate or punctate in form. In the second 
Instance, Fig. 6, the melanophore is almost punctate though 
all of its neighbors have fully dispersed pigment. Since these 
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two instances show contlitions of pigment aJmost the reverse 
of that in their surroundings it might be supposed that they 
afforded a serious obstacle to the neurohumoral view. In 
my opinion they indicate that other factors than the environ¬ 
mental neurohumors play a part In determining the state of 
a given melanophore. What these factors are it is not easy 
to say. It is, however, well known that some fish melano- 
phores by appropriate means can be set in putsarion, so to 
speak, in that they can be made alternately to disperse and 
concentrate their pigment at a relatively rapid rate. Such an 
operation implies an intra-melanophoric mechanism which 
can bring about these changes more or less independently of 
the environment and which can be excited to a certain degree 
of independent action. Presumably the exceptional instances 
just described are cases of this type and in consequence stand 
out from their environment in this remarkable way. Ac 
least they do not seem to me to afford a serious objection to 
the application of the neurohumoral hypothesis. As a 
matter of fact they are relatively rare. The vast majority 
of melanophores react with great consistency and uniformity 
and follow a plan of operation that is In full agreement with 
the idea that neurohumors are their chief activators. 

3, Summary 

I. The disappearance of the primary caudal band of 
Funduluf can be followed with great fullness and exactitude 
by successive photographs of the identical region of the band 
at various stages in this change. 

3. The band when first formed is homogenous and com¬ 
posed of melanophores all of which are much the same in the 
completeness of their pigment dispersion. In its last stages 
its pigment is uniformly concentrated. 

3. Between these iwo extremes the more nearly axial 
melanophores lag behind those nearer the margin in that 
their pigment is more fully dispersed than that of the marginal 
members. 

4. This condition is unfavorable to the view that the 
effective agent is carried by blood and lymph and favorable 
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to that of a lateral iDvasion of such an agent, a neurohumor, 
from the adjacent light’tinted part of the taiU 
Biomcical Iabokatques 
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EXPL.\NATI0N of PLA’FE I 

All figure* on thi* plate are fiom I am under oblifationi 

tci I>r. F. M CaipeaieF for the phowgrapt*. 

Fig 1 Scci^ of the tail-fin of Fnrdduj txansvetse to tKe fin-rays. T^e scciioo 
Jneludn the whole of one ray arui a smalt part of aMther. The epc^rran ™ »i“ 
face* of the fin i* darkly iialned and variable m thickness. It 

whole fin. 'The derma I* lishi-mlond, relatively uaifoim in thickness, often tomenhat 
folded, and very thin over the ray. The fin-ray wnsisis of tro opposed Wdrf plates 
of firnJ tlsiues. one on the left side of the fin (above m the ptoti^pli) and the 0 ^ 
on the right side (below). The two halve* of each plate aie firfldy uw^ but the ^ 
plates are not inilmaiety attached md the open space* between the® allow t*** 

^ blood-vcsseli and of nerve* into and out frocn the cavity of the ray. The mtof- 
rtdial space* we eaiietnely open and contain only ve^' *t^ of tissne. The 
metano^cto are on the inner face of the derma and within the cavity of the fa>^ 
c*pecialty about the aperture where the two plates of a ray are nearly m coniact and 
at the bend between the two halves of each plate. 

Fic. a. Enlarged view of a section of the skin ^ the uil-fin. The upper, dark, 
irregular layer composed of many cell* i» the epidermis. 11 i i devoid of melawpliores. 
ft i* subtended by a somewhat folded layer of relatively uniform thicltne**, the derma. 
On the inner face of the detma, lower in the figure, aw to be seen, two melanopbnn:*, 
one near the ekireme right, the other near the left of the preparation. Between them 
are *<ctioiis of a number of nwlanophore piocesse*. Below the atelattoplwres i* the 

□pen inteiiadial tissue, , t 1 

Fto. j. Enlarged view of the opening between the two plate* of a ray (compare 

Fiif. 1 ) melaDjophcfTH (black) □□ the a’vd» of opening. ^ . 

Fjfi ^ Enlar^ view of the Lnner part of ttc fdd between the tm halva of a 
plate Fig. i)r The upper face of the fold carriia wvcral mrlaDoph^re* 

whM^ aic ioctfoni of small bmdia of EwrrVM and itill higher up about the top of the 

figure fcarifons of bkmd-vifiwli^ , , u 

YiQ, c. Surface view of the intcmdsal membraiic fnam the Uil-fiu showing a 
diehnophore with tnoderatcly dispersed pigment amon^ oihen all of which have their 

pigment well rtiuccntratcd. y, i - t j- i 

Fig. 6* Surface vitw of the idterradbl membrane next a ray (hdnw in ihe hguire) 
of the uil-fin. One melaEiciphore Hands mit in contrast with all nthera in that in 
pigmeut is atcosgiy concentraied. 
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PLATF. I 








rU PE 2 



Sex vi-Eu-TS of [tic rEfiionof a Jjdmjry caudal band in the tuiE of a ]ivin(c fun- 
duiuj taken a I different times Slflcr the initiating cut bid been made, llic sfcriei of 
views show the method of diiappearance of the priman^ caudil bind, nie width of 
the band is ciearty jecn in Fig- 7 as indicated by the atea in which the jiipment of the 
mclanophorc* is dispersed. The band ii occupied by the four branches of a single 
basal fin-ray. 1 am indebted for ihese photographs as well as for those on Plate J 
to Mr. A. A. Abrauvowitz. “rhey were taken at the foElowing inten als after the Initial 
cut had been made: 

Flo. 7. 4.0 tninuies. 

Kto. £. E hour 10 minuter. 

Fic, 9. 4 hours 10 mijiutes^ 

Frc- EO- 6 honrs lO minutes. 

FiC- II- iQ hours Ifl minutes. 

FlO- t^- jS hours I a minutes. 









































PL.VTE 3 



A second acriep of views [fiken froen the lail of anoih^r Jiving v> siioW' 

tht disatpiKarance of j prlmari' OAudal b^ndl as in Plate z- 'PKe tlmn after the iniiidl 


cut a« folkivst 

Fig. I;^. 

15 minutes. 


Fig. 14. 

j hour 45 minutes. 


FiG« 1^. 

6 hoijrf n^iftutft. 


Ftc- 16, 

9 houi? minutes. 


Fig. tj* 

±7 haurs 15 minutes. 


Fig. iBv 

54 hours. 







































ELECTRICAL DISTRIBOTIONS ON CIRCULAR CYLINDERS 


E. P. ADAMS 
(R/ad April ipjs} 

The problem of determining the electrical distribution on 
two infinitely long circular cylinders, when charged in any 
manner^ has not received as much attention as the correspond¬ 
ing problem of two spherical conductors. The method of 
images enables one to give a complete solution of the latter 
problem- The case of any two cylinders^ whether one is ex¬ 
ternal or internal to the other, and when the cylinders have 
equal and opposite charges^ is readily solved by placing two 
equal and opposite line charges at the inverse points of the 
cylinders. Some of the problems considered in this paper 
have been solved by other methods, but it may be useful to 
treat all of them by a uniform method. 

Corresponding problems in the irrotational motion of a 
perfect fluid in the presence of obstacles in the form of the 
conductors can also be solved by using the methods and the 
results that are here obtained* But since it is known that the 
motion of real fluids departs widely from the motions deter¬ 
mined in this way, it may be of greater interest to consider, 
at present^ only the electrostatic problem. 

The method which will be used is one that was given by 
Richmond * and applied by him to single cylinders of which 
an elliptic or hyperlxjlic contour forms a part. We shall take 
the plane of the complex variable, a = a: iy> as that of the 
conductors, and consider the plane of another complex vari¬ 
able, JP = M -h IP- We assume that we know the relation 

EP - F(z) 

by which the whole of the ^plane that is bounded by the 
given contour can be represented conformally inside an area 
in the s^plane which is bounded by straight lines intersecting 

^ Prwrtdin^ Lortdifn J/ctrA^^difVd/ Scci^, sj, p. 4^3^ 1^13. 
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at right angles. The Schwant-Christoffel method is then used 
to transform the area inside the polygon in the B'-plane to the 
upper half of a f-plane in such a way that the contour in the 
B'-plane transforms to the real axis of the /-plane; points inside 
the contour in the ti'-plane are then transformed conformally 
into points in the upper half of the l-pUne. 

Let the complex electrostatic potential be taken as 

X — <p + iif/ 

so that ip = constant gives the equipotentJals, and ^ = con¬ 
stant the lines of force. If, by considerations of symmetry, 
we know that the contour in the a-planc is made up of equi- 
potentials and lines of force, then the area external to the 
conductors in the ^plane can be represented conformally upon 
the x-piane; and since the equipotentials and lines of force 
intersect at right angles, the area in the x-plane thus deter¬ 
mined is bounded by straight lines Intersecting at right angles. 
This area can now, by the Schwarz-Christoffel method, be 
transformed to the upper half of the /-plane. Finally, by 
comparing the two transformations to the same /-plane, a 
relation 

X 

is derived, which gives the complete solution of the problern. 


PART 1 


Two CiKCULAR Ctuxders of Different Raoie in Contact 
Along a Common Generator 
1, The te~Plane .—The transformation by reciprocal radii. 



Kf = 

ai'/z. 


gives 



2 X 

and 


If 

X* + >■* 


ze 

-p 

V = 

zu 



y 

u® -b p® 


(I) 

(a) 

( 3 ) 


p = constant = a gives a circle of radius i/a which is tangent 
to the y-axis at the origin; similarly, p = — gives a circle 
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of radius l/^, also tangent to the y-axis at the origin, but with 
its centre to the left of the origin. So we can take the two 
cylinders to be given by 

fl = i/a, b = i/jS, (4) 

a and b being the radii of the two cylinders. In a similar way, 
u = constant gives circles tangent to the x-axis at the origin, 
with their centres above or below the x-axis according as u 
IS positive or negative. 

We suppose the conductor formed by the two cylinders to 
be freely charged. By symmetry, we need consider only the 
upper half of the >plane, shown in Fig. 1. 



Along the x-axis from — 00 to D and from C to + '«, 
« = o. Along the contour of the semi-circle from D to O, 
p — — and from t? to C, a = + a. The point at Infinity 
in the a-p!ane corresponds to tp = o. The H?-plane is now 
shown in Fig. 2 . We shall always use the convention that 


"tr 







X 

\ 

X 

X 

oSO 








Fjg. s. 


in going around a contour in the positive direction, shown by 
the arrows, the area considered lies to the kft. The corre* 
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sponding real t values at the corners of the semi-infinite rec¬ 
tangle in the tp-plane are indicated inside the diagram. The 
r-plane is represented in Fig. 3* 


Fig. 3. 

Instead of passing through the origin 0 ^ where w becomes 
infinite, we must describe a semi-circle of infinitely small 
radius. 

The Schwarz-Christoffel differential equation for the trans¬ 
formation from the ^ to the /-plane is 

^ _ __ I _ (5) 

In passing along the semi-circle at 0 from left to right 0 In¬ 
creases from — ^ to + ft. The change in h? Is therefore 
ifii + d)i antiy integration along the semi-circle we get 

A = - r 


The integral of (5), satisfying the conditions that 


'j> — ia when t = I, 
w = — t'd when i = — s, 
ti/ = o when r — 


IS 




(6) 

together with 



—^— = sin* ftta, 

I + s 

( 7 ) 

where 

r vab 

(8) 


"* “ 2 (a - 1 - " 2 (fl - 1 - b) 

From (7) 

we determine j, 



s = tan* ma. 

( 9 ) 
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Solving (6) for ty we get 


t = 


sin- ma 


sin’ met + slnJi* m{tff — it*) 


If we substitute for te from (i) we get as the relation between 
theV and the i-planes, 

j _ T — cos iTrta - . 

i -5---(ro) 


cos zm 


0 -“)- 


cos 2BJ« 


2. Tht —Let = o be taken as the potential of 

the conductor; then all the potentials in the field will lie be¬ 
tween the values p = o and = — ». Let zQ be the charge 
per unit length of the conductor consisting of the two parallel 
cylinders in contact. Referring to Fig. i we see that the 
from — w to Z) is a line of force; choose this to be 
yfr = o. Also, the Jf-axis from C to -H « is a line of force; 
the constant value of ^ along this portion of the a'-axis will 
now be 47r0, So all the values of ^ In the x-plane will lie 
between ^ = o and Figure 4 represents the x-plane. 






FiCr 4. 


with the corresponding t values indicated inside the diagram. 
The Schwarz-ChristofFel transformation is 


^ = C 
dt + 


(ri) 


In passing from f = + tcto(~ — « along an infiaite semi¬ 
circle X decreases by 4x1*0. Therefore we get by integration 

C= - 4 $ 
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and we lind 

X - iiriQ - 40 co®h-» ^ 

which satisfies the conditions 

X — 4iri0 when t = l, 

X = o when t = — j. 

-I 

If we solve (ta) for t we get 


t = —; — 5 - |cos zma “ cosh (x/40)l * (*3) 

. I + cos 2m£i£ 


If the two values of t given by (lo) and (13) are equated we 
get the relation between x and s that gives the complete 
solution of the electrostatic problem. It may be shown from 
the resulting equation that the potential the real part of Xi 
vanishes over the conductor, and becomes infinite at an infi¬ 
nite distance in the i*plane as — 20 log r. 

When r “ o we get, since 5? = 0, 

^ = SinaQ, 

The difference between the values of x at 1 = 0 and at t ~ x 
gives 2 ic times the charge on unit length of the cylinder of 
radius b; while the difference between the values of x at t = I 
and at 1 = o gives 2r times the charge on unit length of the 
cylinder of radius a. Denoting these charges by Qi, and 0 o, 
so that 20 = 0 « + Qf, we find, using (4) and (9), 


Qa = 20 


a 

7 +J^ 


0 ^ = 20 


_b _ 

a b 


Thus the whole charge on the two cylinders divides between 
them in the ratio of their radii. 

3. MUclric Intensity and Surface Density . — ^The electric in¬ 
tensity at any point is given by the modulus of 
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and the surface density of the charge at any point of a con¬ 
ductor by 


Now we can write 


I 

dx 

4 "‘ 

dz 


£x _ dx dt dts 
di dt die dz * 


Using the values from (i), (5), and (ii), we get 

dx _ 8r|gsin2ffla _^ 

ds Of + 

* 

If we put 


fcos 2 #m(- - aV 

“ cos 2flia 1 

1 Va / 

/ 


}" 


Ch) 


(IS) 


a = u**. 


where r is the radius vector drawn from the origin 0, and $ 
the angle that the radius vector makes with the ajtis, and then 
take the modulus of the resulting expression, we get the real 
electric intensity at any point of the s-plane external to the 
conductors; also the direction of the electric intensity can be 
found. The resulting expressions will not be quoted, but we 
shall proceed to get the surface density at any point of the 
conductors. 

On the cylinder of radius a, 

• r = la cos 0 

and the surface density as found from (14) is 

^ bQ sin {itnfa) f , /2m .\ 2m 1 . . 

° + 1 ) 1”^’' (-r“" 0 ~ 

The surface density on the cylinder of radius b is found by 
interchanging a and b and measuring the angle 0 from the 
extremity D of this cylinder. In these expressions we have 


nj 

ma = — = 


wif 


2(a + b) * 

The surface density on each cylinder vanishes when 6 = r/2, 
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the line of contact, 
of radius a we find 


By integration of (t6) over the cylinder 




a 

a + b 


in agreement with the result obtained before. 
If the cylinders have equal radii 


ff = sec* 0 sech ^ ^ tan 9 ^ 


and Q is the charge on each cylinder per unit length. 

The repulsion per unit length between the two cylinders 
is given by ^ 

(To® cos 


is the normal force per unit area, 2 ad 9 the element of 
arc, and zff the angle between the normal and the :v-a.'cls. 
Using the value of <r* given by (i6) we find 


^ 4(?& f . a + b,i(<i+by 

^ 1 / b ■*■3 b^ 


For cylinders of equal radius, d, this reduces to 



where Q is the charge on unit length of each cylinder. 

4. Ttco Injinitfly Long CyiindifS in Coniaci in a Uniform 
Electric Field Along the Line of Centrej .—-We now go on to find 
the charges induced on the cylinders when they arc placed in 
a uniform electric field, taking first the case when the field 
at infinity is parallel to the line of centres. The transforma¬ 
tion of the 3 -piane to the i-plane, through the n^-plane, is the 
same as for the freely charged cylinders, but the is 

different. The pO'tcntia] ^ in the whole field of the s-plane 
now varies from — to to + «. We take again ^ = o on the 
conductors. The whole A;-axis, excluding the portion inter- 
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ccpted by the cylinders, is a line of force, and since there is 
no charge on the whole on the cylinders, the value of ^ is 
constant on the two semi-infinite segments j we shall take this 
constant value as ^ = o. Fig; 5 now shows the x-piiine. 

ajj * 





Fic. Sh 


Referring to Fig. there will be one line of force that 
meets the conductor at the point P which separates the posi- 
tiv^e induced charge to the left from the negative induced 
charge to the right. The corresponding t-v^alue far this point 
is taken as — s\ We assume that this point lies on the larger 
cylinder^ and it will be shown that this is always the case. 

The is now transformed to the t-plane by the 

relation 


dx _ C(i + xQ 

dt (I + — 1 1*" 


(17) 


It is not altogether obvious that the Schwarz-ChristofFel trans¬ 
formation leads directly to (17); for the area in the x-plane 
to be transformed to the upper half of the i-plane is not 
bounded by straight lines forming a polygon. It may be 
shown, however, by the method used by Cisotti ‘ that the 
given area in the can be transformed to the interior 

of a unit circle in a f-plane, where f i + ttf, in such a way 
that the contour of the x-pl^ne transforms to the circum¬ 
ference of the circle. The interior of this circle can then be 
transformed to the upper half of the r-piane in such a way that 
the circumference of the circle transforms to the real axis of 
the i-plane. But we can also regard the transformation ex- 

*■ Idiotncccinka Flaituir ^ P- 39^ 
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pressed by (17) as an cxpenmeDt: if the resulting rcIatiDo 
between x and = is such that the real part of x, which is the 
electrostatic potential, satisfies the given conditions on the 
conductors and at infinity, then we can be certain that the 
solution is right whatever the method used to establish it. 

Integrating (17) with the conditions 


X = o for t = I and ( = — j, 

gives 

X C{i + - i)J 

together with 

, _ J — t _ tan- wig — t 
2 ~ 2 

If is positive, as we have assumed, j must be greater than 1. 
This implies that b is greater than a, and so the point P neces¬ 
sarily lies upon the cylinder of greater radius. 

If ± ^ represent the equal and opposite charges induced 
on the conductor, then the difference between the values of ^ 
at f = 1 and t = *** is zttQ. Thus we find 


C — ^ttQ cos® mar. 


For the charge on the cylinder of radius a we find in a similar 
way by taking the difference between the values of ^ at r = i 
and i = o, 

Qa — — Q sin 2»tof. (18) 

The cylinder of radius b has an equal and opposite charge. 
The complex potential may now be written 


X = 2.TrQ sin ama- 


sin 2fli ^ — ft ^ 


cos zm 




e can put 




(19) 


cos ^mor 


- — f/ti 


where is the angle the radius vector r makes with thex-axis. 
On the cylinder of radius a 


I 


r = 2 a cos 6 
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and on the cylinder of radius b 

r ^ zb cos B 

if now & be measured from D in Fig. i* It may easily be 
shown that the real part of x vanishes over the two cylinders, 
and that when r is large it approaches the value 

ir^ sin ZffiiDc 


It therefore follows that the field at infinity is given by 


F 


tQ sin 


and this determines the induced charges, d= Q- Onr solution 
(19) therefore satisfies all the conditions of the problem. 

The electric intensity at any point of the s-plane is given 
by 



This may be found from (19), or by use of the relation (14) 
with the values given in (5) and (17). The result is 


dx 

37^ - - i6i?i^F 
its* 


I — COS Zffiff cos 2m 


s;* I cos 2m 2 ^ ^ ~ 2;ma | 


When % approaches » the denominator approaches =0 -o. 
But we find 


Limit 


cos 2 m 


^ — a — cos Zmnr | 


so that 


Limit 



4m sin 2 mci^ 


The surface densitjr of the charge on the cylinder of radius s 
may now be expressed: 
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- r — cos ZTnacosh tan fl) 

4(fl + i)* ^ fcosh (tma tan fl) — cos am*I’’ 

while that on the cylinder of radius b is obtained by reversing 
the sign, interchanging (J, b and «, and measuring d from 
the extremity D of that cylinder. \i b > a, cos ‘inta is nega¬ 
tive and (fa vanishes only for 9 = r/z. But in this case, 
cos zmff IS positive and so (fi wiH vanish, besides for 6 = gr/2, 
for a value of 6 determined by the relation 

In particular, if A := za, we find that the position of the point 
P is determined by the angle d given by 



So fl = 51“ 30' approximately. The point of equilibrium P 
lies between 9 = x/4, when a = o, the case of a single cylinder 
in a uniform held, and 9 = t/z, when the two cylinders have 
equal radii. 

5. J Circular Cylinder in Contact toitk an Infinite Ptane.^ 
If the radii of the two cylinders are equal the expression for 
the surface density on either cylinder becomes 


ItF' n 

= TZ sec* 6 sech* f ^ tan fl 


16 


(rtans) 


(22) 


with equal and opposite values for the two cylinders. But 
now the infinite plane x = o is an equipotential. We there^ 
fore have the solution for a freely charged circular cylinder 
standing on a conducting plane which has a breadth large 
compared with the radius of the cylinder. The surface den- 
sity on the pUae is found to be 


<r 


ttFo^ 


esch^ — 

y 




where y is the distance on plane measured from the origin 0. 
When y approaches v approaches the value /’Z+ir, its known 
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value for a charged plane^ The whole charge per unit length 
on a strip of width za, symmetrical I situated with respect 
to the cylinder^ is ^ 



where Q is the charge on unit length of the cylinder. Our 
result for a cylinder standing on a plane agrees with that found 
by Bateman ^ in a different way. 

6 . JVo Infinitely Long Circuit Cylinders in Cont^t in a 
Uniform Field Perpendiculiir to the Line of Centres - — In this 
case the whole x^-axis^ including the contour of the cyliDders, 
may be taken as having the potential o. Then the x-pl^ne 
will simply be the J:-plane turned through a right angle. We 
can therefore write 


X = 


where D is a constant. The equal and opposite charges in¬ 
duced on the cylinder of radius or ± Qa^ are given by 


— 0 “ 




Similarly^ 


= ^{t = d) - ^ — s). 


or 



Ds D tan- ?noi 


so that 


!? = “ 


D sec® mcc 
43r 


The complex potential Is now 


ZtiQ sin® zma 


X 



* partial Eqiu^i&ru fl/ PksJkt, 
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and 


^ = — 
dz 


m 27710! sin 2fn 


Stti!? 


0-0 


* I cos im ^ J + j3^ — cos 2 fli^ 


When z approaches Infinity the electric intensity must ap¬ 
proach F. So we get 


Q = 


abf 


-CSC' 


ita 


a b a ‘h b 


The same result follows by taking the real part of x z ap¬ 
proaches infinity. We now have for the charges Induced upon 
the two cylinders, 

2(^ + ^) 2(fl + t) ^ 

/\ abf Trb 

2(^+i)^^"2{a-fA)' 

The surface density on the cylinder of radius a Is given by 

^ _ Qtn sin* zma _ sinh (2»ia tan 9) ^ 

2 a- cos^ 0 {cosh (zma tan fl) + cos 2mj0p' ■' 

7. Ttpo Half-Cylinders Standing on a Freely Charged Con¬ 
ducting Ftane^ Since the plane y — o is at zero potential, it 
may be taken as a conducting plane, and we now have the 
solution for the problem of a freely charged plane upon which 
two long half-cylinders stand (Fig. 6). The surface density 



Fjg, 6. 

at any point of the cylinders is given by (21) and the corre¬ 
sponding expression for the cylinder of radius b. On the 
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plane the surface density' is, at a distance x from the origin, 


(T 


4Fm^ 


sin Zma sm im 


(;*i) 


For large x this approaches the known value Fj^r, 


C24) 


. PART [[ 

Two Lkequ'al Parallel Cylinders at An^' DtSTAN’CE 

Apart 

8. The problem of determining the distribution on two 
equal, infinitely long parallel cylinders, carrying any charges, 
was solved by Whipple.* His method depends upon the selec¬ 
tion of a transformation which, from the properties of the 
elliptic functions, will lead to a result that satisfies all the 
conditions of the problem. It is the great advantage of the 
method that is used here that the required transformation 
may be found in the simplest form. Love * gave a solution 
of the problem of two cylinders of different radii by using a 
method of inversion from the solution of the problem of two 
infinitely long strips. The method here employed leads to the 
desired result very directly, and, in addition, readily solves 
a number of related problems when the conductors are placed 
in a uniform electric field. 

9, TransforTnation oj tk( s- to tk/ tv-Plane . — The transfor¬ 
mation from the s- to the it'-plane that we shall use is given by 


7. 


•r ' 

1/ cot - IV, 


or 


e 


_ J -/ 
z +/■ 


^ Proc/tdingi 4 ^ 5 * 19 ^ 0 , 

* ProcitdtTtgj I^ndan 7if p. J37.19*3' 


( 2 S) 
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The curves u = constant are circles, with their centres on the 
y-axis, and all passing through the two inverse poiuts f, F' 
on the x-axIs, x = ±f (Fig, 7). « is the angle subtended by 



FF* at any point of one of these circles. The curves v = con¬ 
stant are also circles, with their centres on the x-axis. If P 
is any point upon one of these circles, then 

F'P 

^ = logyp * 

If the values of v corresponding to two of the circles have the 
same sign then one circle is inside the other, while if they have 
opposite signs the circles are external to each other; one has 
its centre on the positive x-axis and the other its centre upon 
the negative ar-axis. We shall accordingly take 

P = *, P = - 

where aand^Jarepositi ve, forourtwocircles. Thedistances 
of the centres of the two circles from the origin 0 are 

OJ =5 / coth Of, 

OB = / coth 
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and thus the distance between their centres is 

2(/ — /(coth a + coth ^). (z6) 

If a, b are the radii of the two circles, 


= / cosech a, 
b ^ f oosech 


(17) 


If jc, y are the coordinates of anjr point in the a-plane defined 
by u, tr, 

/ sinh p 

cosh P — cos K ’ 


y 


/sinn 

cosh o — cos u ^ 


(28) 


The element of arc of any circle, v = constant, is 


ds ~ 


fdu 

cosh t? — cos w 


(^ 9 ) 


and the angle, between the normal to any circle, v = con¬ 
stant, and the jr-asis is given by 


cos ^ = 


co^h p cos H — ^ 

cosh t? — cos u 


(30) 


10. The te-Piane ,—^The upper half of the s-pJane which, by 
symmetry, is all that we need to consider, is shown in Fig. S, 



Along the jc-axis from — « to C, n = o, and P decreases from 
o to — Along the semi-circle C£, p = — d and » increases 

from o to r. Along the Jf-axis from E to O, m = r, and v 
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increases from — jS to + a. Along the semi-circle DC, v — a, 
and a diminishes from t to o. Along the x^-axis from C to 
-h tt = o, and p diminishes from a to o. The «f-plane is 
now shown in Fig. 9, All points in the tipper half of the 


V 



s^plane external to the two conductors are conformally rep¬ 
resented inside the rectangle in the st?-plane. 

We take four real quantities, 

and transform from the af-plane to the r-plane so that the 
four comers of the rectangle, C, E, D, C, are represented by 
the points 

^ ~ hi hj ^1 

on the real axis of the f-plane. Then the Schwarz-Christoffel 
transformation gives 

dtp _ J _ 

dt {t h't — if / -f- fi-f * 

W e are at liberty to choose three corresponding points in 
the and t-planes. We shall first choose two relations among 
the four ^-values in such a way that no odd powers of t appear 
under the radical. This leads to 


h “f" "f" 
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and 

Accordingly, we take 
We now have 

div 

dT 

Integrate by putting 
and we get 


tih = 
h — ht 

h = # 4 . 


|t» - - ^s*i* 


(3O 


i = li jw X 


” X + 
h 


(32} 


The modulus, ky of the elliptic functions, is given by 

k = 

Since ti > tt, k is less than unity. We can now take k. = 
and *i = i/i. This is the third relation between the four real 
r-values. 

We now have corresponding values of our variables shown 
in the following scheme: 


(33) 


i — ti /j — t* — ti 

sn\ = ifk 1 - I -ilk 

X= K + iK' K -K -K^ir 

w = ia IT + ict V — 

K and K' are the complete elliptic integrals of the first kind 
to the moduli k and k‘ respectively. 

Substituting these corresponding values in (32) we find 


J=- 

B = V ici 


ITT 


K'k^ 
iirK 


and 


ir^ _ ^ 

K'~ 


2 


( 34 ) 
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We therefore have, as the relation between a/ and t — jn X, 


w = ^X + T + ^ ~ iS) 


or 


* (35) 



where 

E ^ ^ ^ 

0 = A IS* 

a + p 

(30 


The infinitely distant point in the i-plane transforms to 
= o. Let f " — r be the corresponding real i value, and 
take X' so that — r = rn X'. W^e then have from (35) with 
fp = o, 

i/r = irnS. (37) 

i = o corresponds to sn X = o, or X = o. If wg is the cor¬ 
responding value of CP, 

fco = IT + |i(a - 0 ), 

Therefore i = o lies on the segment of the x-axis between the 
two cylinders, 

W'hen i = », we have X — iJif', and so 

tff = ii(ff - 0 ) 

or 

u = 0 , r = i(a - ^). 

If i > a, a > ;J, and p is positive. The point i = w there¬ 
fore lies above the u-axis, as shown in Fig, 9. 

The origin of coordinates in the x-plane, a = jc = y =t o, 
corresponds to u “ tt, p = o in the w-plane, and the corre¬ 
sponding value of I is i = — rn S, 

II. Z)imrnjvoKi,—The simplest w-ay to introduce the di¬ 
mensions of the cylinders and their distance apart into our 
calculations is to assume definite arbitrary values for A, where 
k = sinff, 8 being the modular angle, and the quantity S in 
(36), Legendre's Table I gives the values of JC and K’ for 
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TABLE I 


1 

i 



i\a 



JO*Ltl 


0* 

& 

& 


o.8aj 

Cr9DS 

1.390 

* S 77 

l.Qjl 

5 ^ 45 ? 


i* 

0.709 

0.367 

0-S?s 

0,716 

J.OO9 

0.807 

I.J 47 

t, 7 Si 

1,403 

3.351 

1.71:0 

Z.201 

10“ 

& 

a^lto 

0.496 

0 - 9 ®+ 

C.616 

Z.EIO 

0.706 

1.506 

1,004 

1915 
* 174 

2.470 
t 194 1 

5 - 9 ^ 

1.947 

30" 

& 

& 

Q.S50 

1,074 

<^537 

t 41 t 

o. 6 ch^ 

1.730 
0.661 . 

1.098 

t.055 

2.6^ 

I J 7 S 

?,ii 8 

1.693 


every tenth of a degree from = o to fl = 90". 
and (36) give 




And so (34) 


(38) 


Having thus determined at and /S, ( 34 ) and (25) give 


b _ sinh tt 
a sinh 
id 

— = (coth « + coth d) sinh a, 
"Y = (coth a + coth 0 ) sinh 0 . 


For equal cylinders, 5 = o, 0: = jS- 

Table 1 gives a few values of «! and 0 corresponding to 
assumed values of k and fi; Table II giv'es the values of bfa 
and idja derived from these. 

12. Tkf —We shall first take the two cylinders at 

the same potential, ip = o. Then all the potentials in the 
2-pIane will He between ^ — o and = — «. Referring to 
Fig. 8 we see that the x-axis from — <» to C is a line of force. 
Let this be taken as ^ = o. ^ increases from ^ to o along 
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TABLE 11 


t 

D*.l 

0 ^l 5 


SVa 



30*/0 

X 

1 

24il 

] 

2.6S4 

X 

2 Ml 

I 

j.floS 

1 1 

S^7 

1 

7-7*0 

X 

11.733 

•^x 

1.2&^ 

I, 309 

J. 087 

1.325 

3 354 

'39* 

*-*35 

1 4^2 
6.120 

1-574 

9-7SS 

X.67S 

15,21s 

X 

3197 

3 m 

3.906 

T.SX4 

5’I74 

2.295 

7-5*4 

1.487 

12.528 

2-SlS 

19777 

^ X 

3.1S3 

3-7*7 

2.195 

4.i6« 

2 .j 9] 

+*s7 

1,7«2 

6_76t 

3-1^1 

1 

3-957 

15.718 

4^758 

25.901 


this portion of the jf-aiis. Along the semi-circle from G to E, 
fp is constant, equal to o, and ^ increases from o at C to ZirQi, 
at E where Qi, is the charge on unit length of the cylinder of 
radius b. The segment ED of the ^e-axis is a line of force 
along which ^ has the constant value ZrQi,, while tp first de¬ 
creases to a minimum and then increases to o at D, Along 
the semi-circle DC, tp is o while 4 ^ increases from ixQt to 
iriQa + Qi), Qo being the charge on unit length of the cylinder 
of radius &, Finally, along the x-axis from C to 4 * ^ 

retains this last constant value and ^ diminishes from o at C 
to — The x-plane is now represented in Fig. lo. We 



shall take t = — j as the value of t at the point on the seg¬ 
ment ED where the potential has its minimum value. The 
Schwarz-Christoffel transformation now gives 

_ C(t -1- s) _ 

(1 + r){is ^ i-f* - i/FlT 


(40) 
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i ^ - I', where r is given by (37), [s the value of i correspond- 
ing to the point at infinity in the s-plane. In going through 
( = - r along a semi-circle of infinitely small radius, x dimin¬ 
ishes by 2iri(^a -f gb). By integration, we find for the value 
of the constant C, 

^ ^ + Qb) f a $ dll b 

k/n S{i — sk sn i) 

The integral (40) may be resolved into the three integrals, 

X = I - f - - _ 

\ rJJ it ~ h-sn-S-t^)\i ~ ji 

- kCi f 

rj |i - i - t^\i 

J ( 7 . 

The first is an elliptic integral of the III kind, and by writing 
t ^ jn X may be expressed in terms of Jacobi's Il-function, 

n{X, I, it) = A''jn i fJi 5 (f™ S r — — \d\ - ^ 

Jo 1 — t* sn^ & XU® X ' 

The second is an elliptic integral of the I kind, and the third 
integral is algebraic. We therefore find 

X = tC( I — jt sn i) ^ 


. XA ,n(x,6,t) d-^x 

Cn&dnS r . 

_ lC(j — 5 jfj-j I - I I — kH 


cn £ dn S 


f r* - I I - t®/® p . 

1 1 - t® r® - t® I + 


( 4 ^) 


where Z) is a constant. This is the solution for i < i® ^ i/k- 
if, for 1 = -h i/t, sin“* 0 = o, and for f = — i/k, sin”® e = jr, 
with the same value for the constant D. 

To determine the constants, we have the following scheme: 


t = i/k 
X = K+iK* 

II - {K+iK')Z(B) 

, 1V5 
+tjf 


t 

— 1 

K 

' -K 

KZ{S} 

-KZi&) 

z-riQi 

IriQt 


-ilk 

-A"+fA'' 

(-A+fA')Z(6) 

2 A 

0 


(43) 


X = ^ri(Qa+Q6) 
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Z(3) is Jacobi’s Zeta Function, the periodic part of the elliptic 
integral of the II kind. 

On substituting these corresponding values, we get 


sk = 


Z(S) 


sn i Z(i) + cji 6 (ffl. 5 ’ 
which determines J. We find also 

Qa Qb ^ \ ^ ) 

or, using (36), 


Q. 


& 


and 


Q.^^Qb a + iS 

ft 


a 


ft + ft « + 

Q± = §.. 
ft a 


(+ 4 ) 


( 43 ) 


This gives the ratio in which the total charge divides between 
the two cylinders at the same potential. 

When the cylinders approach each other and come into 
contact, 0, the modular angle, becomes o, K becomes t/ 2 and 
K' becomes infinite. So, by (34), £e and d both approach o. 
y also approaches o in this case, and by (15) we have 

n = y/o, 

b =y/d. 

Therefore by (45) we have 


as we found in Part 1 for the two cylinders in contact. Fur¬ 
thermore, (24) now gives 

2d = a + b. 


The complex potential, Xj in the general case when a and b 
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are unequal can now be written 


X = - + G*) { n(x, 5 , k) - zm “ ( I + ^) 

, efn 5 dfn X 1 . 


+ ) sm”^ ■ 


X is given by (35), and te, eipressed a9 a function of s, by {24). 

13. Eltctrir InUnnty and Surface Density , — From the re^ 
lation 

dx dx dt dm 
dz dt dw dz 

we find 

dx 2(G- + I 

_ cnBdnh _ 

\ Kt-cosi*r). 

jii I 1 —— h I ” 5 


It will be convenient to have for future reference the defi¬ 
nite expressions for X, X, c« X, and dn X on the cylinders as 
well as on the plane y — o. These are: 

On the cylinder of radius a 


Xi = + ilC' — iu% 

jn Xa = ^dn(Ti\ k')t 

.k' 

fwXfl = — i'), 

dn X« = k* rn(w', A')* 


(47) 


On the cylinder of radius b 


Xi = — iw + iK' — iu\ 

jn X* = — jft Xap 
dnh = dn X^,, 


(48) 
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On the plane y = o when « = 0 

X = ir + V', 

s I 

Jfi X = T-;» 

k jn 0 

. idnv' 

cn X = — L-: • 

k sn v' 


(49) 


dnli = 


. en g 
sn a* 


On the plane y = o vvhen n = ir 

X = V', 

In these expressions we have used for abbreviation 
> = 

B- a + 3 
JiT'e iKtf 

e' = — - a = - S. 

r flf + p 


(so) 


(sO 


The modulus of the elliptic functiaris h always k unless the 
complementary modulus, k\ is expressly indicated^ 

The surface density on the cylinder of radius given by 


can now be expressed 

= — Xy 1 


- J-I^l . 


, cn&dnS dniu\ ^0 1 , v / v 

+ ■ + jn i M«-, k-) I ° ( 52 ) 


with a corresponding expression for fft. On integration over 
the cylinder, using the value (26) for ds^ we find 

a -'(& + 0.)(i ~j> ) 

Just as was found before. 
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At a great distance from the cylinders te approaches o, 
and we find 

.. . cn 6 dnS(l — cos w) i 

^,^i'~7T5V77\--iTP" 


Sft 

We therefore get 


sn S 


K)c 


Limit I ^ I-(5. + ft) 4 ! 


dz 

From (24) and writing z = «'*, we have 




Limit 


dx 


dz 


+ Qi) 


Thus this necessary condition Is satisfied by our solution. 

14. Cyiind^rs of Equai Radius. — When the radii of the two 
cylinders are equal, 5 = o, g, = = Q, and we get the fol¬ 

lowing expressions for the complex potential x, and the surface 
density, 

X = - 4t^ j sin-'^lj^ - 

QK' 

iTa = -^dniu\ i')(cosh a — cos a). 

The repulsion between the tvro equal cylinders is given by 

ffa® cos (i du 




cosh a — cos li ’ 


using (27) for cos <p. On carrying out the integration we find 
X = ^ (ir^coth tt - zE'K'). 

Q is the charge on unit kngth of each cylinder;^ and E' is the 
complete elliptic integral of the II kind to the modulus k\ 
The values of £ and E' are given in Legendre's Table I to¬ 
gether with K and K\ 

For the cylinders far apart^ the modular angle 6 approaches 
x/2, and K* = £* ^ ir/2+ The repulsion between the cylin¬ 
ders therefore approaches the value 

x = m 
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When the cylinders approach each other and come into 
contact, the modular angle approaches o. Then K = w/a, 
K' = », £' = I, By (34) when a = 


K' 


a 


and so ec approaches o. For small ev, 

coth « = — + “ 
a 3 

and the repulsion between the cylinders In contact becomes 

X = 

in agreement with the result obtained directly In Part L 

14. Unequal Cylinders. Any Charges. —-Our solution so 
far has assumed that the two cylinders are at the same poten¬ 
tial and we have found that the ratio of their charges is given 
by (45). If we now give the cylinders any arbitrary charges, 
^1, Qt, on the cylinders of radius a and b respectively, the 
difference of potential between them can be determined. A 
line charge Q' per unit length placed at the inverse point F 
in the cylinder of radius a and a line charge — placed at 
the inverse point f’ in the cylinder of radius b makes each 
cylinder an cquipotential surface. The charges on the two 
cylinders will now be 

Qi = Q. + Q\ 
ft = ft - 0'. 

F rom these we get 

f?i + ft = ft + ft 

and 


Ori by (45), 


2f?' = (01 - 0s) - (ft - 0*). 

0i« - Qi& 


Q' = 




(S 3 ) 


With the charges 0 , and Qt, the difference of potential between 
the cylinders is o. Wc can readily find the difference of po¬ 
tential due to the charges ± ft by taking a complex potential, 

x' - - iC'to = C'(p - t«). 
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The difference of potential between the cylinders is now 


F - C'Cn + p). 

We also have 

Q' = C'/2, 

and so 

F = - Q^). ( 54 ) 


The surface density on the cylinder of radius a resiihing from 
the charges ± Q' is 


or, by (38), 


Qict ~ QzS 
lirf{a + fi) 


(cosh or — COS a), 


a 



— !?s + ]^ (^i + f2i) 


(cosh ft — cos tt). (ss) 


If this be added to (49), putting -{- Qt = Qi + Q2 we get 
the surface density on this cylinder w'lien the two cylinders 
have arbitrary charges Qi and Qi, w'ith a difference of poten¬ 
tial given by (54). 

The repulsion per unit length between the two equal cylin¬ 
ders with any charges, Qi and Qt, is 




{Q^ + Q^y 

zirf 


[T-cothft - zE'K'l 


iOi - Q^y 

4 / 


It is Interesting to get the results for any charges upon the 
cylinders directly, without making use of the line charges. 
This can be done by using the x-plane shown In Fig. ii. 



Fjg. If. 
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t = — s* corresponds to the point on the cylinder of radius b 
where the surface density changes sign. We shall assume that 
the cylinder of radius a is at potential V and the cylinder of 
radius b at potential 0. The transformation to the /-plane 
is given by 


dt 


= a 


/ + J' 


with 


C' = - 


{i + r)\fi - l /s - t/i-M 


Z(Qt + Q*)ctt S dn 5 
k sn 5 (i — ks‘ sn 6) 


This is the same as equation (37) in Article la, with ^1 
replacing Q„ + Qt,, and s' replacing s. But the equations for 
determining the constants are now different, being 

^ = ^fkj X = V + 2irf(f?i + 

1 = 1, X = A' + ZitiQi, 

t = — I, X = ZriQi, 

/ = — iM, X “ O. 

Substituting these values, i>ve £nd 

ks' 


_ . 4(gi + Q^)KZiS) + F 

I “ ks' jK f 4 (!?i Gt) A f II £ dtt S 

an equation for determining s', and in addition we get equation 
(54) for determining the difference of potential between the 
cylinders just as when the line charges were used. The elec¬ 
tric Intensity at any point in the Si-plane and the surface 
density on either cylinder can also be obtained by this method, 
the results being the same as those when the line charges were 
used. For the cylinder of radius 0 we get in this way directly 
the sum of (52) and (55}, 

16..Taro Unfqual Cylinders Connecied by a Conducting 
Sheet ,—^If the two cylinders are connected by a conducting 
sheet, as shown in Fig, 12, we get what might be considered 
a two-dimensional dumb-bell. The a^plane is the same as in 
Article 10, and the x-plane is shown In Fig. 13. 
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The transformation, from the x- to the d-plane is given by 

dx C 

dt (I + r)|^^ - I/PJU 

where 

r - — . 

k snh 


zQ is taken as the charge per unit length on the whole con¬ 
ductor formed of the two cylinders and the conducting sheet. 
The surface densities of the charge on the two cylinders are 


Qk^K^cnh cniu\k') 

trj I + r?! 5 k‘) 

Qk'K'cn^ cnUt\k') 

v'j I — fi dn{u'f k') 


(cosh a — cos u), 
(cosh jS “ cos w), 


and the surface density on the plane sheet 


Is 


a = 


QkK‘ 


cn & 


C 7 l c 


1 -h A Jtt i jn p 


j (cosh p i). 


«' and v" are the same as in (51). 
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The charges on the two cylinders are 


e. = e{ 
ft-e{ 



1 + — sia“’ 

W 


sni k I 

I + /n 5 I 
in S — k I 
i — A jft 5 I 


t 


I 


and the charge on both sides of the conducting plane is 


Qp = sin- 


1 + ksnS 


— sm 


-I 


JH i — 

] ^ k SnS 


I7> Tteo Unfqital Cylinders Connected by a Conducting 
Sheet in a Uniform field Jlong the Line of Centres .—The two 
cylinders and the conducting plane form a single conductor 
which we shall assume to be uncharged i the external field 
Induces equal and opposite charges upon it. The a-plane to 
be considered is the upper half of the diagram In Fig. I2. 
P is the point of equilibrium, to be determined, which sepa¬ 
rates the positive and the negative induced charges. The 
potential of the conductor is taken as ^ = o. The j^-plane 
is shown in Fig. 14. The point at infinity in the s-plane 


sP 


-k 

.f 1 


t'A 


^ G C 

Fig. 14. 


corresponds to ( = — r in the i-plane, where l}r = k sn S. 
Accordingly, we first use an auxiliary t' plane, related to the 
/-plane by 


/' = 


i + r' 


(s^) 


so that when / = r, /' = » . The transformation from the 
X- to the /-plane is now given by 
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df 




t* - 


1 + ri * 


r + 


I “ rk 

Returning to the /-plane bj- (56) we have 

dx _ Ck{s - i) 
dt (/-f-r)*(l - 


(57) 


where C is a new constant, 
from the field at infinity, F. 

dx _ iCK'ksn^S 
dz vf 

iK'iV 


Its value is to be determined 
We find 




(1 — COS w). 


At infinity, ter = o, and evaluating the indeterminate form in 
this expression we get 

Q _ 2 ifFK’ idnS 

rk jfi* S(i + ks sn 6) 


(55) is to be integrated under the conditions that x = o when 
t = dt ijkj and the result is 


together with 


tijFKUn&U - 
*■( I H“ kt sn S) 

ks — — Jii £. 


C58) 

(59) 


This equation determines s. If 5 is positive, that Is, if b is 
greater than a, j is negative and the point of equilibrium P 
is either on the cylinder of radius b or on the conducting planCi 
nearer to the larger than the smaller cylinder. If the cylin^ 
ders have equal radii^ b = o, and P is at the midpoint of the 
plane, 

(58) may be written 


zifFK^dnb dn\ 

T I k in S sn\ 
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If we use the values of dn X and in X on the two cylinders and 
the plane conducting sheet given by (47), (48) and {50), we 
find that the real part of x vanishes on all the conductor. If, 
further, we let w In (35) approach O, as it does in the distant 
parts of the ;:-plane, wc find that the real part of x approaches 

2ffv 
u^ + (r' 


From (26) we see that when u and e approach o, x approaches 
the value 

a/tf 
(i* + 

Therefore the real part of x approaches the value 

ip = fx 


in the distant parts of the s-plane. So the solution we have 
obtained satisfies all the conditions of the problem and the 
use of the auxiliary f'-plane is justified. 

The charges induced upon the two cylinders and the plane 
may be derived directly from (58) and are 

FJK'k‘ dn & 


Q. = - 


* 1 “ k sn 5 ) 


^ ffrk'dn& 

51^(1 — i Jfl 5 ) ’ 
iFfK'kk' jn 5 

IT* dfl 5 

!?- + 1?^ + = o- 

The surface densities of the induced charge on the two cylin¬ 
ders and the plane are 


ffa = — 


FK'-k> d?i 5 


Sir* 






{I + m 5 dn{ji\ i') 
F/ir'‘‘Jk'dnS (dn(u\ Ji') — sn S}rn(u^^ k*) 


cos w), 






(cosh 0 — cos u)t 
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FK'^k Jn 6 fi s» r' + 5 [cn tf', , ^ 

-- + 

«' and o' are the same as in (51). 

18. jiV Freely Charged Conductor Formed of a Plane and a 
Parallel Cylinder Connected by a Thin Sheet . — From the solu¬ 
tion in the last article we can immediately deduce that of a 
plane, freely charged, to which is attached by means of a thin 
conducting sheet a long cylinder parallel to the plane. The 
section of the conductor so formed is shown in Fig. 15. In 



the solution of the last article, put 5 = o, so that the two 
cylinders have equal radii. Then the plane j: o is at poten¬ 
tial Of the same as that of the cylinders, and can therefore 
be made a conducting surface. If the conductor is positively 
charged the surface density on the cylinder is 

FK‘^k' 

a = —^^5—(/«(«', k'')cn{u\ A')(cosh a. ~ cos «). 

It is o at Df -where » = On the conducting sheet OD the 
surface density is 

{K'v\ {K'o\. , . , 

, = —j tn ^ — j (coshr + 0. 


This vanishes at both C>, where p = o, and at D, where v = a. 
On the plane ar — o, the surface density is 
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FK'^cnW. k')dn(u', k') , 
^ Zic^ sn*(v% k') 


cos «). 


At a great distance from the cylinder when a approaches o, 
this tends to the value At the point 0 , where a = s', 

the surface density vanishes. 

19. Two Unequal Cylinders in a Unijorm Field Perpendicu¬ 
lar lo the Line of Centres , — Taking (? = o as the potential of 
the cylinders, the values of in the upper half of the s-plane 
lie between o and — Since the point at infinity in the 
s-plane corresponds to i = “ r, we again use the auxiliary 
f'-plane determined by (56). The x-plane is now the i'-plane 
turned through a right angle. Accordingly,^ 


Or, with t 


sn \ 


iC 

^ = 7 + 7 ' 

iCk sn i 

I -h i X 


From this we can find dx/ds, and then determine the constant 
C BO that the field at infinity is F. The result is 

_ _ ^/FK' cnS dn S 
kic sn^ 5 

Since the plane y = o is at potential 0, this problem is the 
same as that of a freely charged infinite plane with two un¬ 
equal half-cylinders standing upon it. Figure 16 shows a sec- 

G B E D A C 

Fig, i6b 


tion. The case is that of two parallel mountaiii ranges, each 
considered as having a semi-circnlar section perpendicular to 
Its length. 
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= 


The surface density on the cylinder of radius a Is 

FK’*k'^ 


2 s^ 


f n 6 dn £ 


cn(u\ k')sn(u% k') , , ^ 

That on the cylinder of radius b is obtained by Interchanging 
ff and 0 , and changing the sign of sn i. 

On the plane v = w between the two cylinders the surface 
density is 

FK'^k , j * cnv' dnv* , , , ^ 

0* = ,1 cn 5 dn 6 , . , ^ ^ (cosh p + i). 

2ir 11 H-e Jn fi j« p ' 


On the plane M = o, outside the cylinders, the surface den¬ 
sity is 

FK’^ . _ cnVdnv' , , 

^ (cosh p - i). 


tf = 


2*^ 


enSdni 


[mi + p'l^ 


When p approaches o, at a great distance from the cylinders, 
this approaches the constant value F/^r. 

The charge on unit length of the half cylinder of radius a 
is 

FK'J (l — k)cn B dnS 




zir* (i + mi)(i + A/B i) 


That on the halfncylinder of radius b is 

n - ~ 5 i 

lir* (l — jn 5 )(l — k sn S) 


On the portion of the plane between the two cylinders the 
charge per unit length Is 

^ FK’^fkcn^ 

^ ~ 1C- dnb' 


By putting 5 = Oj and so sn & = Oj cn S = dn i = ij we get 
the case of equal cylinders* 

20* TufO Lfnc^Udil InsuIaUd Cylinders in a Uniform Field 
Jhng the Line of Centres. — In the problem of Article 17 the 
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two cylinders were supposed connected by a conducting sheet. 
This simplified the transformation of the X'pi^ne to the t~ 
plane. We shall now suppose that the two cylinders are insu¬ 
lated from each otherj the sum of the charges upon the two 
cylinders is now zero. We shall first suppose that the two 
cylinders are at the same potential; then by introducing two 
equal and opposite line charges at the inverse points we can 
make the charge on each cylinder vanish and determine the 
difference of potential in any field between the two uncharged 
cylinders. 


The X'pl^n® i® shown in Fig. 17 case when 

-* 2 ^—^ 

Ti- 

r 

-S 

t 

-1 

^ -A 

iJi 

(b) 

Fia. 17. 

b is greater than -a. Which of the two forms applies depends 
upon the relative radii of the cylinders and their distance 


apart, do (b) there is a point of equilibrium upon the cylinder 
^ and another upon the segment of the x-axis lying betw'een 
the two cylinders. In (a) there are two points of equilibrium 
upon this segment of the a:-axis. Both these cases are in¬ 
cluded in the same transformation which is found just as in 
Article 17. The result is 

dx _ C[si — ()(jj + i) 
dt ~ (1 - kH^'i -r-J*’ 

where n = i fr = k jn 5. 
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The integral of (6l) may be reduced to an algebraic part 
and to the three kinds of elliptic integrals. The result is 

S ett XdnX 
C I Jt sn S jn X 

+ /!x - rI + Z{x) 1 + Sn(x, 5 . *) 

+.ssm-'{ ;~ o, (62) 

where / = X, and 

r — ^ ~ ^ 0 i ~ Jj) ^ ^ t 

~ f 5 dn* 6 ‘ 

i’jiJt — if Jj — Jt)jB 5 — I 

■K = - -fj'- } 

cvr £ 

— i(/i jj}(i “ i® sn* i) + k-Siit sn 5 + dn- 5) 

__ — jH 3Ci® cn* S + dH" 8) 

f«* S du® £ 


nfX^ £, i) and 2 (X) are the Jacobian functions introduced in 
Article I 2. 

In order to determine the constants we use the scheme of 
Article I2 (43), except for the values of Xt and with the addi- 


^ ifk 

-K + iK' 

I'lr 

” zK 


tion of the values of Z(X). 

So we 

have 

t = 

ifk 

+ 1 

— I 

X = 

K + i‘A'' 

+ A" 

- A" 

Z(X} = 

iV 

~ 2 K 

0 

0 

X ~ 

0 


2^0 


Substituting these in (6z) we get 

RK = TE, 

S = o, 

, sn6(k^*K-z£) 

Hj, - J*) - Esn^s + Ken^S* 
„ KdnH ^ E 
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These two equations determine the values of /i and St which 
are the real values of t corresponding to the points of equi¬ 
librium, We also find 


C = rfl* 5 -H KctiH), 


D 


. £ _I_ _ 

^ z E sn- i -H A” ffl® 5 ' 


We can now write 
R = 

T = 


E 

E jfi® i -h A cn* 6 ’ 

K 

E sn- B -f- A cn- & ’ 


(63) 


and the complex potential is given by 

* = { r+r.nun\ + Z‘« 1 + (*+> 

21. Electric Intensity and Surface Density , — We find in the 
usual way 

A dfl* 5 - A + * J« B - z£)sn X 
dx CK* -(E sn^ B - 1 - A cn- B) rn® X 

dz ~ irJbV {E /n® & + A c«® B) ( 1 + Jb rn B jti X)* ^ 


Since 


d% 


— A at the Infinite point in the n-plane where 


w = o, and jh X “ — i/(jb sn B), we have to evaluate 


1 — cos w 
(i + k sn 6 sn\y 

for u! — o. it is found that this approaches the limit 

11^ rn* S 
^ ~ A'* rfl® & dn} B ’ 

and so we get 

■ (A B + A B). 

By (63) vve get for the induced charges i Q, 

FK'f FJ 
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where (34) has been used. We can now write 

K dt\^ S — £ + i sn&{k*'K — 2 E)sn\ 
dx iFK’~ — k*{Esn^hKcn~l)swr\ , . 

* “ -1^ - U+I,inisn\)‘ - 

To hnd the surface density of the distribution on the two 
cylinders we use llie values given in {47) and get 

E — A*dn®JJ + (zE — k'^X)snSdn{u\k") 

FK'^ + (E sn* 6 4 - K S)dnHu% k') 

2 t»A 1 1 + jn S dn (u\ k') }* 

X (cosh Of — cos «). (66) 

(Ti is obtained by changing the sign, writing for a and chang¬ 
ing the sign of sn &. 

It can now be shown that the results in Part I for two 
cylinders in contact may be deduced from the results just 
obtained. For cylinders In contact, the modular angle be¬ 
comes o, and 

E = K — ~ * A'' = «, k = o, k' = i. 


dn(a, o) = I, r7i(u, o) = sin o) = cos a, 

jn(if, i) = tanh m, i) = dn(u, i) = sech a. 

By (26) on the cylinder of radius a. 


y stn u sin u 

^ = tan 6 = - L *' = — 

X smh V sinh a 


Since ft and ^ approach o, u also approaches o and bo we can 

put 


tan B = — ■ 

ft 


Then by (34) 



ft + ^ 


tan B = 


irb 

-TT tan 

a + b 


B 


31573 
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and 

cosh « — cos til = iCa* + “ i®* sec*fl, 

, , . V b ^ a rb 

sin 5 = sm - t— ;— ■ “ — cos ^ . > 

2 e + it a + 0 

and we finally arrive at the result given by (30) in Part 1 . 

22. Insulated, Uncharged CyUnderJ * — The problem whose 
solution we have obtained is that of two cylinders at the same 
potential tvith equal and opposite charges^ Q has been taken 
as the charge on one of the cylinders. These conditions may 
be realized if, after bringing the two insulated cylinders into 
the uniform field, they are connected by a wire for an instant 
so as to bring them to the same potential. If now we place 
a line charge -f-at the inverse point F in the cylinder of 
radius n, and an equal and opposite line charge at the inverse 
point F' in the cylinder of radius b, the resultant charge on 
each cylinder will vanish, and the difference of potential be¬ 
tween the two cylinders will be 

F = + ^) = 3 /^, 

where Q is taken from (65). h therefore follows that all pairs 
of insulated cylinders having the same inverse points will have 
the same difference of potential in a given uniform field, f., 
along the line of centres. 

The surface densities, ffa', tf/, to be added to (66) and to 
the corresponding value of ci, arc 

~ 

FK’ 

tffc' = — jif ^ “ <^ 0 ® «)* 

There is now one p>oint of equilibrium on the upper half of 
each cylinder. 

In a uniform field perpendicular to the line of centres, the 
solution was given in Article ti. Since, in this case, the whole 
plane y = o is at zero potential jt will make no difference 
whether a part of this plane Is a conductor or not, and so the 
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di$tnbuttOQ on the cylinders will be that given by (6o) and 
the analogous expression for er*. It therefore follows that two 
uncharged insulated cylinders when brought into any uniform 
field will have a difference of potential 

r = zjf cos 

where is the angle between the direction of the field and 
the line of centres of the two cylinders. 

25. An alternative way of getting the results of the last 
article is to assume the cylinders uncharged and at a difference 
of potential F. The x-plane is shown in Fig. iS; — s* and / 



are the real values of t that correspond to the points of equi¬ 
librium on the cylinders of radius b and a respectively. They 
are given by the twm equations 


Hs-s) -■■ K' - E'snn ^ 




rdn^S- (A' - £1 

K’ - A' sn^ i 


The differential equation for the transformation from the 
X- to the r-plane is the same as (61) with s, s' replacing Ji, s*. 
The equations for determining the constants are now 

t - i/i, X - ^7 

/ = I, X = 

i ~ “ 1 , X = Oj 

f = - i/i, X = 0, 

if we assume that the cylinder of radius a is at potential F 
and the cylinder of radius b at potential o. 
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PART III 


Intersecting Cvu ni>ers 

24. Transformation of the ^ to ikf tihPtanf , — The transfor¬ 
mation of the 3>plane to the seaplane used in Part II furnishes, 
in addition to the circles external to each other, circles that 
all pass through the two inverse points^ Any two circles of 
this family may be taken as representing a pair of intersecting 
cylinders. It will be convenient to take the transformation in 
the form 

s = / cot 


so that the A-axIs is the axis of symmetry, and the inverse 
points lie upon the y-axis. We now have 


^ = 


y = 


/ sin u 

cosh p — cos u 

f sinh V 

- ^ - + 

cosh 0 — cos u 


(67) 


The circles u = constant have radii / esc «, with their centres 
on the A-axis at a distance /cot u from the origin* If Ji is 
positive, the centres are on the positive x-axis. The circles 
0 == constant have radii / cosechc, with their centres on the 
y-axis at a distance / coth p from the origin. If v is positive 
the centres lie on the negative y-axis. The upper half of the 
jj'plane is shown In Fig* 19. 



The two intersecting cylinders, with centres at A and 
are given by w = a and w = — /J respectively. To make the 
problem a little more general we shall suppose that the two 
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cylinficrs given by v — ^ with centre tit C snd rsdius c, 
and P = + 7 with its centre at an equal distance below the 
jT-axis, are included as a part of the conductor, W'e now have 


ij = / CSC ft, 
i — / CSC 

f — / cosech >, 


( 68 ) 


2 <f = /(cot Of + cot 
OC = f coth y. 

The elements of arc of the two families of circles are 

fdc 



(69) 


25. TAe fP-P/onr, — Referring to Fig. 19 it is seen that along 
the :f-a.xls from — =0 to r = o and « decreases from o to 
— p. Along the circular arc HG, u — — S and if decreases 
from o to — 7. Along the circular arc GE, a = — 7 and u 
increases from - ^ to + a. Along the circular arc ED, u = a 
and r increases from — 7 to o. Finally, along the ^-axis from 
/) to + 30, p = o and u falls from a to o. The ip-plane is 
accordingly shown in Fig. 20. The values of t for transfer- 


V 



r 


mation to the f-plane are indicated inside the rectangle. The 
transformation is given by the equation 


(/fp j'f A' 

^ Ji — I* - 1 — \' 
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jyst in Article !0. Integration gives 

w — — Jk\ + 

where t = jn X. The corresponding values are-given by^ the 
scheme: 


1 ~ 1 

ijk 

- i Jk 

~ I 

II 

K + iK* 

■ K + iK' 

- A" 

w = — 0 

r- 

■ 

1 

1 

ff — iy 

a 

We accordingly find 

K a + 0 

2 ■ 

* 

( 70 ) 






1 

II 



so that 





= ~ ^ “1” ” 




which may be written 


x=-^. + . 


with 


« + /? 


iS = K 


0 


ff + ^ 


(70 


(72) 


The point at infinity in the a-plane, where tp = o, corre¬ 
sponds to 

X = S, or f = /n S. 


When t = » , X = iK\ and 

ttf = - + |(a - 0), 

This point therefore lies upon the cylinder of radius c. When 
f = o, 

H? = 1C« - ^)- 

The values of the elliptic functions that are needed on the 
three cylinders are given for reference: 
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Xa = — K — iV, 


jft Xa = — 

ffl X, = — 


dfiX^ = k* 


i 

dii{v\ i') * 

ju k') 

d7i{v‘, k*) 

<n{v\ k') 
dn{v\ k') ’ 


Xi = A” — iv\' 
J« Xfc = — Jtt Xa, , 
f M Xi - - en X„, 
dn\i = dn\t, ^ 


J 


X, = 


Jn X, = 


-u’ - {K\ 

— i—I— 

i j-ji a'' 


f« X, 

dn Xf 

u* and p' are given by 


1* dn u* 
i Jfl m' ’ 

snu*’ 


( 73 ) 


( 74 ) 


( 7 S) 


u' 

v' 


iKii 

2 A^P 


( 76 ) 


26. Tke The potential of the conductor is taken 

^ T,. ‘^^^rged conductor is 

shown in Fig. 31 , and the transformation to the /-plane is 



Fjg. 21 . 
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given by 

^ _ £ _ 

dt 0 " sn 8){j:* — i)* 

If 2^ is the charge on unit length of the conductor formed of 
the outer surfaces of the four cylinders, x decreases by ^riQ 
when r passes through sn 5 on the real i-axis. So we have 

C = \iQcn S, 

and we find 

X = 410 ^77) 


This solution satisfies the conditions that x “ o for ^ * 

and X = 41^0 for ( *= — t. 

From the differences of the values of at the points D, £, 
G and // we find the charges on the cylinders. They are 


„ ^ J , ^ * _1 -fl* S - * 

0t ^ 0 I I + - Sin 


I ~ k snh 


0* = ^ 1 


, . ja fi 4“ i ^ ‘ ^ 

,n-l ---jiin ». 


1 -f- A jn 5 


I ^ k sni 


If the cylinders of radius c are not present the modular 
angle is equal to zero, and so i = o, and the two corners G, 
E of the rectangle in the airplane go off to infinity. The 
elliptic functions degenerate into circular and hyperbolic func¬ 
tions. Thus sn i becomes sin S, and we get 




and so 


and this is also 


a + 

a + /3 


03 - £ 

0^"« 

g. Angle FHO 
Qb Angle EDO' 


( 78 ) 
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For the two cylinders in contact, a, and / approach zero 
in such a way that a - ffa, b = f/ 0 y and so we get 

QjQb — afh 

as was found in Part I, Article 3- 

27. Ehctric Intensity and Sur/acf Density .—From the re^ 


lation 
we find 


dx _ dx dt dtp 
dz dt dw dz 

dx . ^iC'Qcn & dn\ , 
^ ' “7t Xfl \ - sn 5 


Using the values given in Article 23 we can express the surface 
density of the charges on the cylinders. These are 

_ zKk'Q en 5 f n(p', i') > , 

ir/(a + jSj I + a dn(v', i') *' “ 

<r6 is obtained from it# by changing the sign of jji S and writing 
& for or, 

2 KkQ cn 5 cn u' , , 

- »/(« + « i + i,ni„u’ <“*'• I' - ">• 

11’ and f' are given In (76), 

If the cylinders of radius c are not present, we have ir = o, 
it' = i, K = irfZy f« a = cos &, snS ~ sin S, 

r«(jc, k') = dtiix, k'} = sech v, /n(s:, k') = tanh x. 

We can also write 

. , Xff VCL 

sm 5 = cos —i—; — ~ cos 


cos S = sin 


ff + 3 
Trd 


IT* 


o + JJ a + J 3 ’ 

and we get, when wc have only the two intersecting cylinders, 


^ g 


Sin 


TTOf 


. xv x& 

cosh —•,—X — cos 


(cosh V — cos or). 


a + ^ 


a H- ^ 
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We can pass to the case of the two cylinders in contact if 
we note that «, p, / all approach zero* By (67) 

tan = yjx = p/«, 

where fl is the angle the radius vector from the origin at the 
point of contact makes with the x-asis. So we put 

cosh p — cos a = ifo* + «*) = |o(= tan*fl 

and, with a = //a, h = //^, we get the same value for the 
cylinders in contact that was found in Part I (16). 

z8. InUrsecting Cylinders in a Uniform Field Along the 
Line of Centres , — When the conductor formed of the four inter¬ 
secting cylinders is placed in a uniform field the direction of 
which is along the line of centres of the cylinders of radius 
a and bj the x~pl^rte is shown in Fig. 22. In order to trans- 

S 


_ Sn i ,.1 

(f*-- HD ci*+« 

FiGr 22. 

form from the X“pl^ne to the 2-plaiie, we use the auxiliar>" 
/^-piane, given by 



so that, when i = snS, the point at infinity in the i-pianc, 
Just as in previous cases, the tra ns formation to the 
i-plane is given by 

^ _ en S _ j — r 

dt ' (j — jn {)(f “ j« 5)* (r — l-Ji* 

To determine the constant C, we have the condition that 
the electric intensity at Infinity is equal to F. By the same 
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method as was used in previous cases, we find 

/> _ ^KFf cnhdni 
’ (« + d) 

We can now integrate, subject to the conditions that x = o 
when ^ = ± I, and get 

_ in 3 cft X 

(« + 0) {Jfi \ — sni)' 

The point of equilibrium, i is given by 


s = 


I 

in S 


If the cylinders of radius f are not present, we get from 

sin X = I/sin 5, 

w * - ft 


showing that the point of equilibrium lies on the cylinder of 
radius t which we have supposed is greater than s. The 
position of the point of equilibrium on this cylinder is given 
by 


cosh 


wv 

ft + p 


sec 


ft + P 


If the two cylinders are in contact the last equation will be 
found to reduce to (at) of Part L 

The values of the surface density on the cylinders are: 

^ ^ ^ '^^^Fk' i7i S {in £ + ifjifp', k*) Iffifv', /t') * 

** ir(« + ffy 1 1 + 5 in{v', k'} ) = 

X (cosh e — cos ft). 

W e get by changing the sign of in i and replacing « by ft 

^ _ 2K-Fkin C {sn S -f- i jm u' 

^ ir(ft + /?)* (i +^jrta'I* 

X (cosh 7 — cos u). (So) 
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In the absence of the cylinders of radius r, 


CTrt ^ 


— irF 


1 + sin i cosh 


TW 


a + 0 


I (cosh P — 


cos a) 


I si 


sin B + cosh 


rt? 


flf + ^ 


and its value for the two cylinders in contact given in (20) of 
Part I can easily be obtained from this expression. 

29. J Freely Charged Plane with a Mound in ike Form of 
ike Iniersecting Cylinders .—If * = ^ the plane ^ = o is at 
potential zero, and so we have obtained the solution for a 
freely charged plane with a mound shown in section in Fig* 23, 



The surface densities on the cylinders are given by (79) and 
(80) after putting ce = On the plane x = o we have, if 



CE 


and the surface density on this plane is 



(cosh V — 1}, 


When p approaches o, at an infinite distance from the cylin¬ 
ders, the surface density becomes F/4ir, 
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If the cylinders of radius c are.not present the mound has 
the form of a segment of a cylinder lying between a full 
cylinder and half a cylinder. The values of the surface den¬ 
sities may be expressed by using the degenerate forms of the 
elliptic functions given in Article 27. 

30, IntersHting Cylinders i« a Unijerm Field Perpendicular 
ta the Line of Centres .—We again begin by assuming the pres¬ 
ence of the two cylinders of radius c the line of centres of 
w'hich is along the direction of the external field. The 
is now simply the <-plane turned through a right angle; so 
we have 

iC 

^ sn\ — sn 5 * 

From this we get 


li^C en\dn\ , 
d^~ ~/(a-t fl)(sn X - ju «)* 


— cos te), 


where the constant determined from the intensity at in 
finity, is 

^ 4/y en S dn 6 K 

The surface densities are 


, sn(i,\A')cn(o%i') 

“ T(a -f- fir ^ ® 11 + Jn S Jfr') I’ 

X (cosh p — cog Of). 

0-* is obtained by changing the sign of fi and putting fi for a. 
zFK^k , , , cnu'd?i«' 

X (cosh y — cos u). 

k* and V* are given by (76)- 

The charges induced on the upper half of the conductor, 
and the equal negative charges induced on the lower half may 
be determined by integration of these expressions, or, more 
Simply, from the differences of the values of ^ at the four 
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points //, C, £ and D. We find 


ft = 
ft = 


KFf cn S dn&(i — F) 

wia + ^)(i 4 - k sn 5 )(i + J« i) ’ 

KF/cn 5 g(t — ir) 

v{a + /J)(l — k sn S)(l — /n 5) ’ 


iKFfk cn 6 
T(a + 0 )dn £ ’ 

ft + ft + ft = ~ 


iKFfdni 
7 r(oe + 0 )cn S 


This same solution applies to a freely charged infinite plane 
upon which a mound stands, shown in section in Fig* 34. 



On the plane y = o. 


\ = S 


2Ku 


and the surface density of the charge on this plane is 


2FK- enu'dn u' , 

= —f — n: ® ^ f- 1 . j.^ (l — COB a). 

4- fiy Jj« 5 4 - sn a p' ^ 


At a “ o this becomes F/4X, and it vanishes at a = — 0 and 
at a = a where the mound meets the plane* The cylinder 
of radius c may be removed by using the degenerate forms of 
the elliptic functions for k — o; the limiting case of the two 
cylinders in contact may be obtained in the same way as in 
previous cases and the results of Part I again obtained. 

It is worth noting that the solutions obtained in -Article 24 
and the following articles apply equally well to a conductor 
the section of which is shown in Fig. 25. This is a circle of 
radius b with a bulge formed of a circular arc of radius a < L 
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Fic. z^. 



The two cylinders of radius c surrounding the inverse points 
may also be included In the conductor. Although in this 
case the centres of the circles of radius a and b are on the 
same side of the y-a.xis, the values of t? corresponding to them 
are of opposite signs because the line connecting the inverse 
points subtends angles of opposite signs on the two cirdes- 
By removing the circles of radius c and letting a — b we get 
from the solution in Article 27, 



the surface density on a freely charged cylinder with a charge 
zQ per unit length. 

31. Three Unequal Intersecting CyUnders .—A special case 
is that of three unequal cylinders shown in section in Fig. 26. 



It is convenient to take in this case the transformation of the 
a- to the Kf-plane that was used in Part II. For the middle 
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cylinder, u = ir/ 2 , and f = /- On the outer cylinders of radii 
a and v = a and — 0 respectively* For the freely charged 
conductor, with a charge Q per unit length, the charges on 
the three cylinders are, per unit length. 




'A 


; sin 


snS + k 
t 4 - jnfi 
, 2 . j«5 - 

t + -sin 


a- 


snS — k I 
I — Jt ju i J 


(80 


In particular, if a — fr, 

a = 0 . - f ( 




where 0 Is the modular angle. The charges on the three 
cylinders will be equal If = 30 ". In this case ive find 

f/a = 1.56076. 

The surface densities on the conductor are 




QKk* cn 5 cn{u% AQ 
Tj{a + ^) I + /« dn{u', 


(cosh 0 ! — cos «), 


ffft is obtained by changing the sign of 6 and writing 0 for a. 


IT, = 


QKk cn S env , 

t! "1 "Tv —TT- i- i cosh p. 

r/fot + 0) l + kjn 6 sn v‘ 


When the conductor is placed in an electric field along the 
line of centres the charges induced on the three cylinders arc 

^FfK^Ha + 0) k' dn S 

““ I + jb j« 5 * 

^ 2f/A"*(a 4- JS) Jt' dn 6 

\-ksnl' 

+ 0) kk’ sn 5 
“ AV dn i ’ 
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sd that 


Q<^-h Qb Qc ~ o. 


The surface densities are 


iFK'-k'dnS 


<ra = — 


ffe = - 

where 


cn(u\ k') fjfl 5 + k') \ (cosh a — cos ii) 

^ li +-rK5dn(tt',F)l* 

iF dji& c'nv*\sn & k jnv'\ 


{ I + Jt J /n r' I 


, cosh P, 


a* = 


iK‘u 


p' = 




- 5. 


(81) 


If i = jB 5 it will be found that the point of equilibrium 
on the cylinder of radius h coincides with the point of equi¬ 
librium at E so that the surface density is positive every¬ 
where on the cylinder of radius i and negative on the cylinders 
of radii <3 and c. This assumes that b > a a.nd that the field 
3 in the direction of the negative .r-axis. 

In a field along the negative y-axis the charges induced on 
the upper halves of the cylinders are 

FJK'{\ — _ ffl i dn 5 _ 

T* (l + i)(i + i JM a) * 

FfK^{i~k) cnidni 

ir® (i — J7I a)(i — i jfi a) ’ 

%Ffk cn a 
r dn 6 ^ 



and the surface densities are 

iFK'^k'^ cn(u\ i’}jn(‘u% ^') 


= — 


Pe = — 


iFK'-k 


—j— ■ j f , .. (cosh« — cos «). 

I [-h , e; r 

fnp'd«p' _ 

TTi 

I + rna jB p'J* 


where a' and p' are given by (8i), 
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32 . Two Pairs of Cylinders U Coii(af(—Another interest¬ 
ing tvpe of intersecting cylinders is that shown in section in 
Fig. 27 . VVe have four circles; the two of unequal radii are 



tangent to the y-axis at the origin, and the two of equal radii^ 
f, are tangent to the x-axis at the origin. This problem is 
a generalization of the one considered in Part I» and we use 
the transformation Uf = at'/t that was used there. The rela¬ 
tions bctw'een the dimensions of the cylinders and the com¬ 
plete elliptic integrals, A‘ and A', are now 

K _ cja + h) 

K' lab 


& = K 


b — a 


( 83 ) 


i + a .1 

If definite values of the modulus, and 5 are assumed, so that 
K and K' are known, the ratios of the radii of the cylinders 
are 

a _ A' 

A + S' 
b _ A' 

7’ A - a' 
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A charge Q on unit length of the freely' charged conductor 
divides among the four cylinders so that the charges are given 
by the same expressions as in ( 8 r), but with S now defined 
by ( 83 ). 

The surface densities are 


_ QbKk' cn i _ cn(u\ k") 

~ 2wa{(i + b) cos^ 9 t + sn 5 dn{u\ k*) 

Vb is obtained by interchanging a and h and reversing the sign 
of sn 5. 

QabKk cn & cn v* 

2TC^{a + b) cos* 3 I k in & sn 

u* and cf' are defined by 


, zKb tan 3 

u' — -T—1 

a + b 

, zKab tan 9 . 


(84) 


6 is now the angJe that the radius vector from the origin makes 
with the x-axis in with the — Jf-axis in v*, and with the 
>'-axis in 

li a = b = c we get 

O' = sec* 0 cn{K tan 9). 

43rd 

In this case K = K', k = k% and the modular angle is 45 ®. 

When placed in a uniform electric held along the negative 
x-axis the charges induced on the cylinders are 

zFKab k* dn a 
“ T{a + A) 1 + ksnh ' 
iFKab y dnl 

»-(fl + AJ I — ksni' 

iFKab kk’ sn S 

7 r(o 4" b) du 8 

0 o 4* + 2Qt — o. 


Q. 

a 

0 . 
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The surface densities arc 

Fb^K^k' dn fi cnfw HUw 5 + ^ 

^ y(fl -f ^)s cos’ H 1 + /n 5 dniv'f i') J* 

tfi Is obtained from tr, by interchanging a and b, changing the 
sign and reversing the sign of xn 5. In ffi, is measured from 
the point C. 

Fd’h^K^k dn J cw p'jj" ^ ^ . 

~ Tc’(a + t)® cos’ S ii -h k xn S iji r'l* 

When placed in an electric field along the negative y-axis 
the charges induced on half the cylinders are 

FabK(i — kyji fi dfi S 
^ + 6 )ti + /fl 5)(i + i sn B)' 

FahKU - k)cnidftB 

y* " r(a + &)(t " JFi ^)(l - Asti ij ’ 

_ 2FabAKcnS 
~ ir(fl + b)dn 5 * 

and the surface densities are 

_ Fb^K^k'^ enSdnS fn{w\ k')ctiU% ^') 

" T(a + i*)* cos* e 1 1 + J« i dn(u% t') 

Fa-b-K^k (TibdnS dn p' cji p' 

^ ^)Sf*cos*9 li -I- i Jfi S JB p'l** 

In these formulae a' and P* are given by ( 84 ). 











PROPOSED REFORMS OF THE GREGORIADT CALENDAR 

ARTHDH E. KEHK^LLY 
(Rfod jfpri! iS, 

Purpose asd Scope 

It is proposed to present here an outline of the history of 
the Gregorian Calendar from the days of ancient Rome to the 
present time, to indicate the existing defects that have been 
recognised in this Calendar, and the principal proposals that 
have been suggested for rcforniing it, as based upon the re¬ 
ports of the Committee of the League of Nations, which has 
had the matter under consideration during the last ten years, 
also to indicate therefrom the reforms that may be feasible 
immediately. 

Definitions 

A calendar, as we here use the term, is a chronological 
tabulation system for maintaining the historical sequence of 
successive days with respect to the annual changes in the 
positions of the sun and/or moon as well as to the established 
relations of clock time, so that any event, either in the recorded 
past, or in the expected future, may be assigned its appro¬ 
priate place in the system. 

An almanac is a calendar tabulation for a single year- 

Many calendars have been maintained in different coun¬ 
tries at different historical periods, such as the .4rabian, 
Chinese, F rench Repu bit ca n, a nd Heb rew calc nd a rs. Some of 
these are still in recognised existence, but the calendar which 
receives attention here is that which has come to be main¬ 
tained by the civilised world today, and Is known as the 
Gregorian Calendar. 

Every calendar of precision comprises two portions: 

I. An astronomical portion, based on astronomical ob¬ 
servations and not subject to human modifications or control. 
Historically, calendars have been 
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(a) i a Ti Of, or based upon the synodical month; I'.f., the interval 

between new moons. Only a very few existing cal¬ 
endars arc lunar. 

(b) Sotar^ or based on the number of mean solar days in a 

tropical year (interval between two successive vernal 
equinoxes). At a vernal equinox, the sun appears to 
cross the celestial equator from south to north. The 
Gregorian calendar ts solar, with lunar vestiges 
(months). 

(c) Ltitit-solar, or designed to conform to both lunar and 

solar periods. The Christian church calendar is 
1 uni-solar. 

2, A conventional portion, based upon tradition, custom, 
or agreement, such as the number and names of the months, 
or of the days in the week. These conventional elements are 
susceptible of modification by international agreement. 

The reform proposed in the Church Calendar relates both 
to astronomical and conventional portions. 

The reforms proposed in the existing Gregorian Calendar 
relate to conventional elements only. 

Outline History of Our Present Greoorian 
Calendar 

Historically, our modern calendar is derived from the 
calendar of ancient Rome, as modified by Julius Cxsar (46 
B.c,), Augustus Csesar (8 b.c.), and Pope Gregory XIII (a.d. 
158a). 

The Roman calendar was luni-solar in design. It aimed 
to have the months follow the observed changes in the moon, 
and the year follow the seasons provided by the sun. The 
appalling task of reconciling the lunar and solar periods into 
the almanac for each year was left to the college of pontiffs 
(pontifices) at Rome. They were appointed for life, and 
their senior member, the pontifex maximus, announced the 
dates, ceremonies and festivals of the year. It was known 
that the mean lunar month, from new moon to new moon, ivas 
close to 2 g }4 days; * so that alternate months of 29 and 30 

^ The mtin. Sjnodical nvontli is now taktn as mean loUr davt, in a.d. 

1900^ and ver>' slo-wli,- dimlnisiiing (abdut x i^wnd in 4000 yean^ BiblioirAphy 17). 
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days would keep pace, on the average, with every second new 
moon* Twelve such alternating months would make a 
year of 354 days w^hich would be about ii days short of a 
seasonal solar year» In order to rectify the year^ an extra 
brief month of il days would have to be intercalated at or 
near the end of the year, or a 22-day month every two years^ 
Such a thirteenth or intercalary month of flexible number of 
days was a common occurrence in the almanac of ancient 
Rome, under the name of Mercedonius. It was the recog¬ 
nised purpose of the pontiffs to keep the vernal equinox, or 
passage of the sun across the equator from south to north, 
on March ^Sth. This could be brought about on the average 
with the aid of Mercedonlus, but not every year. 

Although It is believed that the alternation of 29- and 
30-day months existed at one period in the Roman calendar 
it gave place to the following arrangement which was theo¬ 
retically in force up to the date of Julius C^sar*s dictatorship. 


TABLE 1 

FuLVIAX CAtJSrS^AU 


Monih 

Nap*? of 

D;iyilk 

SLfontli 

Nurabcf 

l^ilo 

i Eng}k-h 

] 

Abnius 

Mqnch 

3 i 


Aprilis 

April 


3 


my 

3 * 

4 

Juniufi 

June 


S 

' QuintiliE 

J^\y 

3 i 

6 

Sextitifi 

Au^at 

19 

7 

Septtmbcf 

September 

19 

B 

Ociobtr 

Oclfibcf 

n 

9 

November 

November 

39 

10 

Dk ember 

December 

19 

tt 

Januariu^ 

January' 

19 

tz 

Februadus 

February 

2 S 

m 

13 

Mercedoniuf 

Ever>' second 


32 or 

,77 or J78 


Non^rpcUiH-l calendar iq Hepublicr^n ItomCp from abom 300 up w 
Julius Oes^s. iribnn iq 46 Luni-sotar. TutcIvc and Ulirtisen immUis alters 
nAtcl>\ Subjesrt 10 van^tba And adjuamueEH hi pcmtiioiil wi\L No wcckdqy3+ 
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The above thirteen-month calendar, sometimes attri¬ 
buted to Flavius, is supposed to have been introduced about 
300 BX. A Flavian cycle of four years had 355, 378, 355 
and J77 days, giving an average of j 66 ^ days, or one day In 
excess of the seasonal year. 

It may be noted that all the regular months, except 
February, have an odd number of days (19 or 3 i). This is 
attributed to the unpopularity of even numbers in Rome 
during that period. Odd numbers were regarded as more 
fortunate than even numbers. Even the length of the com¬ 
mon year was changed, it appears, from 354 to 333 days, 
thus throwing it out of conformity with iz lunations. Some 
writers consider that February w'as allovred to keep an even 
number of days, partly because it came at the end of the list, 
and partly because it was devoted to the Infernal Gods, and 
so was exempt from good fortune. 

The intercalary month w'as inserted during alternate 
years, not at the end of February, but between the 24th and 
25th of that month; so that the year always ended with the 
last days of February, 

It is evident that the Roman calendar, up to the time of 
Julius Csesar, was irregular and indefinite. Historians have 
difficulty in assigning dates to the changes it underwent be¬ 
tween 500 B.c, and 50 B.C. The account here given must be 
taken with reserve, owing to incomplete historical agreement. 

The Julian Calendar 

The great leader Gaius Julius Csesar (102-44 B-C.) was 
elected to the college of pontiffs when he was about 30 years 
of age- In 63 b.c. he w'as elected pontifex maxlmus, a posi- 
tioQ he held for the rest of his life. He was thus faced officially 
with the complexities of the Roman calendar. By that time 
the almanac had drifted more than two months out of step 
with and ahead of the seasons. The summer months of the 
calendar wrere meeting w'ith the spring season, and the winter 
calendar months with the autumn season. During his 
military^ visit to Egypt (48 b.c.), Csesar must have come into 
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contact with the Egyptian calendar, which although also 
luni-sotar, was simpler and more permanent than that of 
Rome. He seems to have decided at that time to reform the 
Roman calendar. As soon as he was elected dictator in 46 
B.C, he set to work npon the reform, aided by the Egyptian 
astronomer Sosigenes of Alexandria, Egypt. He aimed to 
restore the vernal equinox or opening of Spring, to the zsth 
of March, also to make the new calendar entirely solar, and 
perpetual, without the intercalary month of Mercedonlus. 
Having ascertained that the best available astronomical 
estimate of the seasonal year was 365!^ days, he ordained 
that despite popular superstition, the twelve months of the 
year should have alternately odd and even numbers, except 
February', which should have 29 days in common years and 
30 days every fourth year. This would make the average 
year length 3 ^ 53 ^ days, as is seen in Table H. All years were 


TABLE II 

Julia js CALENDAit 


Moiitb 

NiUB- 

IKT 

Name of Mddiilt 

iu 

Gay* 

Quarter 

l>i.y^ ia 

Half Year 

LaeM 

Efiat[»h 

MfiflElt 

1 

januarius 

JanUfiO' 




2 

Febniariut 

February 

2 9 or JO 



3 

Martiua 

March 


91 or 92 


4 

April E* 

April 

30 



S 

Mams 

May 




6 . 

JUDlUl 

June 

•JO 

91 

]S2 or jS| 

7 

Julius 1 

July 




S 

SextkiLs 

August 

30 



9 

Seplemb«r 

September 


93 


to 

October 

October 

3^ 1 



tl 

No^ttnber 

November 

31 




December 

December 

30 

9 J 

1S3 




365 Ur 366 


365 or 366 


PeipctitAl And lolar CAlcadAr wt in ictien by ihc Dimtiqir Jullui January- 

ii[, A.u.^. or 4a B.-c. TiatIv-c na Fiicd jnear of 365 dlys. A 

fupplcincnLary day lEtsertiid evtry fourth wiiJiout ^ueutial name, bcEwccn 

Tr^th find 25 th February, making average length of year 365! day*. 
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to commence on the first day of January. In this way, the 
attempt to conform with the phases of the moon w'ould be 
abandoned, and the calendar should automatically keep 
pace with the solar seasons indefinitely. 

To rectify the vernal equinox, Caesar inserted into the 
year 46 b-c., not only Mercedonius, but also two new' and 
special extra months, bringing the total length of that year to 
15 months and to 445 days. It was called the “year of 
confusion.” January 1st, 45 B.C., or 709 A.u.c., launched the 
first year of the new calendar. There happened also to be a 
new moon on that date, which was hailed as an auspicious 
event. 

The Julian calendar was a vast improvement over the 
preceding fluctuating Roman almanacs, that used to vary 
unpredictably from year to year. The Julian half years 
varied only between 182 and 183^ days, in common years, 
white in leap years they were equal. The quarters varied 
only between 91 and 92 days. Except for common Febru- 
arys, the months w'ere all either 30 or 31 days. It was easy 
to remember which was which, because the odd months— 
January, March, May, etc.—had all odd-numbers of days 
(31); while the even months—February, April, etc.— had an 
even number of days (30), except February in common years. 
Common years bad always 365 days and leap years 366. 
The extra day of leap year w'as inserted beirveen the 24th and 
25th of February, w'here Mercedonius had beem employed 
and not at the end of February as at present, In the calendar 
of Csesar’s time, there were neither weeks nor weekdays, and 
days were designated by their positions In their respective 
months. What we call February 25 th (when common Febru- 
arys had 29 days) was called by the Romans sfxtilis (sixth) 
before the Calends of March (March ist inclusive). Conse¬ 
quently, w'hen every fourth year, the Romans inserted an 
extra or supplementary day just before the 25th of February, 
they called it the bisiextilis before the Calends of March, ue. 
the doubled sixth before March Calends. What we call 
leap years, they called bijsexiiU years, and that name is 
still used in some of the languages of Europe. 


REFORMS OF THE GREGORIAN CALENDAR 77 

The Julian calendar was a shining epoch in world chron- 
not only because it cut loose from the moon, and 
adhered solely to the sun in the apparent rotation of that 
body around the zodiac, through the tropical year, but also 
because it purported to be a fixed and perpetual calendar, 
free from the intercalations of Mercedonius months every 
now and then* Such a fixed calendar was of great value in 
Ordering the work of the widely extended Roman empire 
along the great roads that diverged from the golden milestone 
in the Roman forum. According to Julian calendar theory 
^3f®^r 8 time, the Julian almanac was fixed at 365 days, 
and twelve months, for an indefinite period into the future. 
It was understood that in every province of the empire, the 
bissextile day would be inserted every four years, as an 
encore to the sextilis before the Calends of March, without 
calling for a special calendar for leap year or change in the 
regular almanac program. There may also have been 
popular objections to a year of even number days. 

The Date of New Year’s Day in the Roman and Julian 

Calendars 

There is abundant evidence that the old Roman year 
commenced in March, but the day of New Year differed at 
different historical periods. It may at one time have been 
the e<iuinoctial day of March 25th. At another time it was 
March 1st. The years were commonly associated with the 
names of the Consuls who held office in them; so that when 
the new Consuls entered office, there was a tendency to make 
their date of entry the new year’s day. .Administrative 
exigencies affected the date, because special consular duties 
might require their inauguration date to be somewhat al¬ 
tered, This caused New Year’s day to fluctuate accordingly. 
To eliminate this uncertainty, the rule was adopted al^ut 
230 S.C., fixing the New Year inauguration on the Ides of 
March (March 15 th), but a$ the empire expanded geographi¬ 
cally, this was found to be too late in the winter to enable a new 
consul to take up his duties, with the arrival of Spring, in some 
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more remote province, so the New Year inauguration was 
changed, in 153 b.c., to January ist, which date remained 
fixed thereafter in Julian chronology. Csesar therefore made 
no change in the date of the Roman New Year’s day of his 
time. In later centuries, however, with the spread of Chris¬ 
tianity over Europe, January 1st, as a so called pagan festival, 
fell into disfavor for the beginning of the year, and various 
church festivals were adopted in its stead, at different times 
and places, without otherwise departing from the Julian 
calendar. It was not until a.d. 1582 that January ist was 
restored to its position as church New Year’s day by an 
edict of Pope Gregory XIII, but it was not until 1799, that 
this restoration over Western Europe was complete. During 
the middle ages, various dates for the beginning of the year 
are found in the almanacs of churches and courts, such as 
Christmas, Lady Day (March 25th) and Easter. The usage 
differed from country" to country. In spite of this confusion, 
however, the Julian almanac, beginning on January ist, 
seems to have been maintained by historians. 

In the year 44 b.c., when the Julian calendar was in full 
operation at Rome, the Roman senate changed the name of 
the old fifth month (Quintilis) to Julius, in honor of Julius 
Csesar. In the same year (yro a.u.c.), the great dictator was 
assassinated in the Roman Senate House. 

Owdng to some mistake in applying the Julian leap- 
year rule of an extra supplementary day or bissextile day 
every four years, three leap days too many were introduced 
into the calendar count during the first thirty-six years of 
Julian calendar application. The error was, however, de¬ 
tected and corrected by cancelling and withholding three 
leap days in subsequent years; so that the Julian leap year 
count was rectified by the year 3 a.d. (756 a.u.c.) 

The Augustan Calendar 

In the year S b.c., the Roman emperor Augustus, a 
nephew of Julius Csesar, persuaded the Senate to alter the 
name of the month Sextills to Augustus. In order to have 
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as many days in Augustus as in Julius, and also to avoid any 
misfortune attaching to an even number of days in Augustus, 
its days were increased from 30 to 31, by taking one day from 
February, which in the pre-Julian calendar had held 28 
days. Moreover, since this transfer would have brought 
three 31-day months into immediate sequence, a redistribu¬ 
tion was made of the days in the later months of the year as 
follows; 

TABLE III 


Augustan MoDiFtcATluTf qf Jvuax Calhi^dab. 


Month 

b« 

Narac of Moath 

Shfontli 

Davi La 
Ovtrter 

D4yB m 
Half Vear 

Latltt 


1 

Januarlui 

JanuAr)- 

31 



2 

Februariiu 

Fcbniir>' 

aS or 29 

* 


3 

MmtIua 

March 


! 90 or 91 


+ 

-Apnlki 

April 

30 



S 


May 

31 



6 1 

Jumus 

June 

30 

9t 

l 3 l or 1S3 

7 

Jutim 

July 

31 



8 

Au^UJtUB 

August 

31 



9 

S^ptElnber 

September 

30 

92 


10 

Oci&bcr 

October 

3* 



11 

Novtfmbef 

November 

30 



IS 

December 

DccEmbcr 



1 S 4 




563 or jd 6 

! 

365 or 366 


PfipctuAl fdAf nlendir ifnmdomt by tht EEnp«ror in S fi.c. Twelve 

mondiA and nu weeki; but nuBdiaaL letters A .,. Hp commencing wltb A on January' 
lai eacli year^ Supplcmeotan-" dny bet'si'een 13d Aod i4tli Febrair^', with no Dtuidla^ 
letcer, and ^j>sextile denominitton. 

This Augustan modificatioii of the Julian calendar, as 
shown in Table III is the same as we now have, the change in 
A-D, i^Sz to the Gregorian calendar not having affected the 
distribution of days among the months- It will be seen on 
comparing Tables 11 and HI* that the changes made by 
Augustus spoil the Julian calendar both in symmetry and 
simplicity. In our modern calendar of Table III, the half 
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years differ by at least two days. The months range from 
28 to 3] days, instead of from 39 to 31. Instead of having 
Julius' six short and six long months, we have Augustus* five 
short and seven long months. Instead of the short and long 
months following in simple alternation, the Augustan sequence 
is so awkward, that it is not easy to remember. 

Defects of the Julian Calendar 

The Julian calendar, as modified by Augustus, began to 
show a defect as time went on, for a reason probably beyond 
Julius Casar’s knowledge, in 46 b.c., the best available 
astronomical estimate of the length of the tropical year was 
365days (365.25) or 365 days 6 hours of mean solar time. 
There were no telescopes in those days, and facilities for 
measuring time were crude by comparison with those now 
available. More recent determinations ’ have placed the 
length of the tropical year 365.2422 days, close to 365 days 
5 hours 48 minutes 46 seconds, or 11 minutes 14 seconds 
shorter than the estimate taken by Cssar. This is not a 
large discrepancy, but it kept adding up, year after year, 
in the same direction. The sun would get round to crossing 
the equator at the vernal equinox each time nearly twelve 
minutes ahead of the time allowed by the Julian calendar. 
In five years, the sun would be nearly an hour ahead, and in 
128 years, one day ahead. If the sun passed through the 
vernal equinox in 46 b.c. on the z5th of March, as Caesar 
seems to have designed when starting his calendar, then at 
this rate of change, the vernal equinox would fail on the 24th 
of March about the year a.d. 80. Spring would thus open 
about one day earlier on the calendar every hundred and 
thirty years. When Cssar faced calendar revision in 46 b.c., 
the error was in the opposite direction, for Spring opened 
nearly 90 days late by the old Roman calendar. 

In A.». 335, the Emperor Constantine convoked a general 
council of Christian prelates at Nicsea or Nice, in Bithynia, 

iTaten 11 365 , 2441^79 for die year t^QO and Very liowly dimfoisliing (about 

I tecoisdl in cacli 5*0 yca«, Biblko^iph^- 
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Asia Minor, not far from Constantinople. This was the 
first oecumenical or universal ecclesiastical council of the 
Christian church, and acquired much historical importance. 
Its sessions lasted more than two months. Among the many 
matters discussed, were some relating to the Augustan-Julian 
calendar. The vernal equinox, which had been associated 
with March 2Sth in the early Roman calendar, and had been 
supposedly restored to that date by J uUus Caesar, was found 
to fall on the 21st of March, in a.d. 325. This has remained 
the reference date for the vernal equinox down to the present 
day. The vernal equinox of 1935 is given as at 13.18 or 
1.18 p.M. G. C. T., on March zist. 

Grecorian Calexuar 

As the middle ages rolled by their centuries, it became 
increasingly evident that the Augustan-Julian calendar was 
somewhat too long, and that spring w'as arriving earlier and 
earlier in the almanac. Representations had been made to 
Pope Sixtus IV in the isth century in favor of reforming the 
calendar; but no action was taken until March 1382, when 
Pope Gregory XIII, having satisfied himself that the equinox 
had retroceded to the nth of March, or ten days earlier 
than on the calendar,* issued a Bull, or decree that the Julian 
calendar should be superseded by a new and Gregorian 
calendar. The change was to be made by dropping ten days 
from the calendar of 1582, and changing the Sth of October to 
the 15th. Moreover, in order to prevent the recurrence of 
the error in future, three leap years were to be omitted in 
each 400 calendar years* In preceding centuries, every 
centurial year such as a.d. 1500, had been a leap year, because 
It was evenly divisible by 4; but in the Gregorian calendar, 
only the centurial numbers divisible by 400 were to be leap 

■ C)ii nne Gf ij3c Viticaii bundin^c at Roint ai 1 called Hue Tower of die Foyr 

Winds dei ^aitro nOL Ordinarily Open lo viiiion. la thit iixieenlhr 

rtninty ttjwcr is a room Atill tilled the Calendar Room (Sola dr/ On the 

tiociri 1 meridian line wAA laid Out lud OA iine d»}'¥p a rmjr of sunlight, tdmlltcd through 
An aperture id the south wallp crosMd the meridian line H apparent noon^ The 
astroDomer Igiuzlo Danii wa* thus enabled to demonstrate to Pope Grtgorj’, in 1581, 
the [en-day disbcalioa between the true equinox arid the calendar date. 
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years. Thus the century' numbers of the years 1600, 2000, 
2400, etc., were to remain Jeap years, but 1700, jSoo, 1900, 
2100, etc., were to be reduced to common years. 

The Gregorian calendar under w'hich we now operate, thus 
differs only from the Augustan-Julian calendar which pre¬ 
ceded, through a sudden jump in the calendar, once for all, of 
less than two weeks, to rectify the equinojc to .March 21st 
and then the above slight change in the leap year rule, which 
comes into action only in certain centurial years. It has been 
shown that the leap year correction rule of Gregory is itself 
incomplete, and that it leaves a small residual error; but this 
is stated to be only one day in 33CXJ years, and can be recti¬ 
fied by a special adjustment of the centurial leap year rule in 
due time. 


The astronomers credited with the mathematical work 
involved in the Gregorian reform are Ghiraldl of Naples and 
Ctavius of Rome. 

October 15th, 1582 is the epoch which marks the first 
introduction of the Gregorian calendar. The Gregorian 
calendar thereafter became known as the ‘*new style” and the 
Augustan-Julian calendar as the '^old style.” These styles 
differed by ten calendar days in 1582. The new stvle was 
adopted immediately in Spain, Portugal, Rome and most of 
Italy, Most of the Catholic countries of Europe adopted it 
by the end of 1599. Protestant Europe began to adopt new 
style about 1700. Great Britain and her North American 
colonies changed together to new style in 1752, By that 
date the discordance amounted to n days, and almanacs of 
that period show that the eleven days, from September 3rd 
to the 13th inclusive, 1752. were suppressed; so that after 
Saturday the 2nd there followed Thursday the 14th. Some 
nets are stated to have occurred in England at the time, with 
the mobs shouting for the “return of their eleven days ” 
Later still, the nevv style was adopted by Japan in 1&73, 
pina in 1912, Russia in 1918, Rpumania in 1919, aod Greece 
m 1923. It came out in the discussions of the League’s 
General Conference of October [931, that there were still 
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communities in Yugoslavia adhering to the August a n-Juiian 
calendar; so that the adoption of the Gregorian calendar is, 
perhaps, not quite complete today, more than 350 years 
after Pope Gregory's “new style** was inaugurated, ft is, 
however, permissible to say that the Gregorian calendar is 
now in substantially universal use over the civilized world. 

Weeks and Week Days 

In the old Roman calendar, the days of the month 
were successively marked with the letters of the alphabet 
ABCDEFGH, the letter A being attached to the first day of 
the year. These cyclic eight letters were called nundinal 
letters. This provided a grouping of eight days, or a sort of 
8-day week. The 7-day week was imported by the Christians 
into Roman chronology after the Emperor Constantine 
brought Christianity to Rome in the fourth century of our 
era (a.d. jzi). In the middle ages, the letters a, b, c, d, e, f, g 
were commonly retained in Julian almanacs, with a capital 
Opposite the dates of Sundays, This Sunday capital letter 
was called the Dominical Letter of the year. These alpha¬ 
betical indications practically disappeared from almanacs 
after a.d. 1800 in favor of the week day letters. 

The names of the week days in the Christianized Roman 
empire followed the planets Moon, \rars. Mercury, Jupiter, 
Venus and Saturn as still retained in the French Lundi, Mardi, 
Mcrcredi, Jeudi, V’endredi and Samedi; but the first day of 
the week was named for the Lord’s Day (Domenica, Domingo 
or Dimanche). In Britain, The Sun gave its name to the 
Lord’s Day, while the Teutonic deities Tiu, Woden, Thor and 
Freya took the places of Mars, Mercury^ Jupiter and V'enus. 

Eras and Their Epochs 

For many centuries the Roman era dominated the chron¬ 
ology of the European world. It reckoned in solar years from 
the traditional epoch of Rome’s foundation (a.u.c. or ab 
urbe condita). There is some difference of opinion among 
historians as to the epoch date. It is, however, commonly 
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accepted that any year N since the accepted date of Christ’s 
birth in the Julian calendar, is year 753 + N a.u.c.; so that 
A.D, 1935 Julian, is 2688 a-u-c. Any year N in the Julian 
calendar, before Christ, would be 754 — X a.u.c. Thus, 
Julius Caesar’s death in 44 n.c, occurred In 710 a.u.c. 

The Christian Era, with its epoch or starting point at the 
accepted date of the birth of Christ, Is now so generally used, 
that it is hard to realise that it was long coming Into accept¬ 
ance. Historians declare that expressions such as “In the 
Year of Grace,” or “In the year of our Lord," abbreviated 
to “Anno Domini” or a.d., were not introduced until a.d. 525, 
and it was much later before the custom was followed gener¬ 
ally. There has been dispute over the date of Christ’s 
birth, over a range of five years, and it is generally believed 
that the epoch now In use Is too late by four years; but 
whatever the evidence may be, it is most unlikely that any 
change will be made in the accepted epoch; the confusion in 
historical literature would be too great. 

The custom of assigning dates in the Christian Era before 
Christ, or a.c., is stated to be still more recent than the use 
of A.m 

The Julian calendar did not establish a new Era in Rome; 
it was regarded as a mere rectification of the existing Roman 
calendar. However, for purposes of astronomical chronology, 
it was proposed by Scallger In 1582, to retain the Julian 
calendar with the epoch at 4713 b,c. (January ist at noon 
G,M.T,). The length of each year in this Julian Period Era 
is Just 365!^ days, as assumed by Julius Csesar. The error 
in regard to the seasons of the year Is thus ignored for the 
sake of simplicity In computation. January 1st, 1933 of the 
Julian calendar is thus 1st January 6648 of the Julian period. 
In this way, the number of mean solar days between any two 
events, w'hose dates are known In Julian reckoning, may be 
readily computed. Tables have been computed for finding 
the Julian Day Number for any assigned date. Thus the 
Julian Day Number for Noon G.M.T. on January ist, 1935, 
is 2 427 804. = {6b48-i}(363K)-i3. Thus, although the 
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Julian calendar had to be replaced by the Gregorian calendar 
after some 1600 years for civil public use, yet there is no time 
limit in sight for the use of the Julian calendar in chronology 
as a limited field. 

Defects of our Present Gregorfan Calendar 

The following have been frequently pointed out as prin¬ 
cipal defects of our present calendar; 

1. Monthly iTTtgularitifs ^ — The months of the calendar 
differ in length between 28 and 31 days. The quarters differ 
from 90 to 92 days and the halves between iSi and 184 days. 
Moreover, each month contains either three or four complete 
weeks plus a fraction or fractions. The fraction differs with 
different months. See Table IV. 

2. Annual /rrfgu/anViVj,—-Successive years commence on 
different week days, as do also the halves and successive 
months, with the single exception that in common years 
February and March commence with the same week day. 
It would be desirable lo have all vveeks^ months, quarters^ 
halves and y^ears begin on the same week day^ preferably 
Sunday* Such an ideally simplified calendar would not only 
greatly simplify the selection of dates in advance for official 
and social e^'^ents^ but would also simplify statistical enquiries 
and comparisons of every kind* 

3. ariationjf in ike of the Festival front IVdf to 

I'Vdr*—The establishment of the date of Easter Sunday is a 
prerogative of the Christian churches. It is an ecclesiastical 
function. Easter Sunday may fall on any date between 
March 22nd and April 25th inclusive. Easter Sunday* and 
twelve other subsidiary church festivals dependent upon it^ arc 
therefore called movable feasts/* The date of Easter 
plays an important part in the social, civic, academic and 
ecclesiastic programs of the Christian year* If we call 
April 8th a medium Easter dale, the variations occurring 
more than* say, one week on either side (ist to rsth of April) 
are likely to induce disturbances in the habits and custonis of 
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many countries, h would be desirable to have fixed dates 
for Easter and for the festivals connected with it, so as to have 
a fixed civil calendar combined with a fixed church calendar. 
It has been shown that as matters stand today, the number of 
different almanacs needed to provide for all the changes of 
dates and week days included in church festivals, amount to 
seventy ' in all. 

In order to present a typical almanac of the present 
Gregorian calendar, for comparison with almanacs of pro¬ 
posed reformed calendars, Table LV shows the almanac for 
the common year 1933, which happens to hai'^e opened on a 
Sunday. This gives a fair comparison with the almanacs of 
reformed calendars designed to be perpetual and so open on 
Sunday invariably. All months enter five weeks, and three 
months enter six weeks. 

Outline HtsToav of East eh Date 

The Nicene General Council in a.o. 325 discussed at 
considerable length the question of date of observ'ance of 
Easter; there was great dissension among the churches at 
that time. It was decided that Easter should be celebrated 
on the Sunday which follows the fourteenth day of the Paschal 
moon, this being the moon which shines full, on or next after 
the vernal equinox. The vernal equinox was taken as oc¬ 
curring on the 21 St of March. Tables have been worked out 
and agreed to, for determining accordingly the almanac 
date of Easter Sunday in any given year. This means that 
the Easter calendar depends upon the apparent motions of 
both moon and sun. In other words, the calendar of mov¬ 
able feasts is a luni-solar calendar. The rule for assigning 
the date of Easter Sunday has remained unchanged for more 
than sixteen hundred years. This year (1935) Easter falls on 
April 21st. 

Many suggestions have been made from time to time, 
that the luni-solar basis of the Easter calendar should be 
abolished and replaced by a solar basis like that of Christmas, 

^ Bibliography' 5. 
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thus making it a festival as nearly fixed as its Sunday incidence 
permits. If a fixed or perpetual civil calendar should be 
Internationally agreed upon, the churches might assign the 
Easter festival say to Sunday the 8th of April. Even if the 
present Gregorian calendar remained unchanged, a great 
simplification might be made in the church calendar by as¬ 
signing Easter to the first Sunday after the second Saturday 
in April as was suggested by the League Committee of 
Enquiry. 

The subject of Easter stabiliiation was brought to the 
attention of the League of Nations at Geneva In 1923. 

Actio^js of the League of Nations in Reference to 
Calendar Reform 

Between the years 1900 and 1922, inclusive, various as¬ 
sociations, commercial, ecclesiastical, industrial and scientific, 
had discussed the question of calendar reform and had recom¬ 
mended that reform was desirable on an international basis. 
The matter was brought to the attention of the League of 
Nations at Geneva, In 1922. The League referred the ques¬ 
tion to its Organisation VllI on “Communications and 
Transit.” Organisation Vlll In 1923 entrusted the question 
to its Advisory and Technical Committee for study and re¬ 
port. This important committee may here be called the 
A & T Committee. It considered the question at several 
meetings, and decided to set up a special Committee of 
Enquiry” of six persons. Three eminent churchmen were 
appointed by ecclesiastical authorities: 

The Reverend Father Gtanfranccschi, President of the .Acad¬ 
emy “Dei Nuovi Lined” (appointed by the Holy See), 
Professor D. Egmitis, Director of the Observatory of Athens 
(appointed by the CEcomenical Patriarch of Constan¬ 
tinople), 

The Reverend T. E. R, Phillips, Secretary of the Royal 
Astronomical Society of London (appointed by His 
Grace the Archbishop of Canterbury), 
and three eminent laymen, appointed by the A & T Committee: 
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Jonkheer W. J. M. van Eysinga, Professor at the University 
of Leyden, Chairman, 

M. G, Blgourdan, formerly Chairman of the International 
Astronomical Committee on the Calendar, 

Mr. Willis H. Booth, late President of the International 
Chamber of Commerce. 

The Secretary-General of the League invited comments 
and opinions on the .question from various governments and 
religious bodies. He also sent out a questionnaire on the 
subject to a large number of international organisations. 

The "Committee of Enquiry’' held three sessions at 
Geneva: in May 1924, February 1925. 

carefully studied the whole question including the replies to 
the League’s letters and questionnaire. It decided to con¬ 
sider separately: 

1. Possible reforms in the present Gregorian calendar. 

2. The filing of movable feasts, and. In particular, the fixing 

of Easter. 

Through all its subsequent investigations, the League has 
adhered to this separation of the two subjects. 

Having learned that certain religious sects were opposed 
to plans for calendar reform that might interrupt the regular 
sequence of week: day names, the Committee of Enquiry, at Its 
session of 1925, listened to the opinions of delegares from 
various Protestant delegations and also to those from a num¬ 
ber of Jewish delegations. 

Th6 coniiiiitt€C consider^sd ^tid conup^rcd the scHctfies for 
calendar reform of which 195 had been sent in, emanating 
from 54 countries. 

In its report to the League of Nations, dated August 17, 
1926, the Committee of Enquiry analyzed these various 
schemes of calendar reform. After eliminating a large num¬ 
ber that it considered to be impracticable, it recommended 
three residual types of reform for further consideration 
among the various countries, with a view to aiding the devel¬ 
opment of international opinion toward a final selection. 
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As regards Easter stabilisation^ it rioted: 


“Most of the Christian Churches have declared themselves 
disposed to accept the stabilisation of Easter^ on condition that the 
measures are adopted by the various Churches simultaneously- . . . 
The Holy See has indeed stated that it does not think it possible, 
except for the most weighty rea$ona^ to interfere with the religious 
traditions of centuriesj but it has declared that if it can be ahow^n 
that the filing of the festival of Easter would be of universal beqefitj 
it would submit the question to the next CEcumenical ConneiL” 

In regard to possible reforms in the present Gregorian 
calendar, the Committee divided them into three categories: 


-V. Changes retaining a Xon-Perpetual Calendar, but altering 
the lengths of the existing months. Two 
plans are considered. (See Table IV for a 
comparison.) 

I. Abolishing the jtst day of August and adding one 
day at the end of February. Thereafter tve 
should have: 
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It may be seen that plan is a partial return to the Julian 
calendar of Table IIL Neither of these J plans overcomes 
the objections of fractional weeks Included irregularly in each 
months and the differences between annual almanacs. 

The report points out that either of plans or ^2 could 
be effected without religious objections, and would involve 
but little change in existing traditions. On the other hand* 
the advantages to be expected from reforms of Class are 
considerably less than those promised by plans B or C. The 
question is raised whether reforms of CIa$s ji would be worth 
while. 

Plan B invoU^es a perpetual calendar: i.c.y one in which 
the almanac is the same for every year; our present calendar 
requires a new almanac each year. Gregorian almanacs are 
never alike two years running. A common year of 365 days^ 
or 52 weeks plus I day, w^ill cause the next year to open one 
week day ahead, while a leap year of 366 days will cause the 
next year to open two w^eek days ahead. If the years are to 
keep the same number of days as at present^ we could keep a 
fi.xed or perpetual almanac by having one supplementary 
week day in common years, and two supplementary week days 
in leap years. The last day of December might go by the 
name of “year day*' instead of a week day and on leap years 
instead of having an extra week day at the end of Februaryj^ 
vve might have the extra day called “leap day” say in the 
middle of the year. This would break up the regular sequence 
of weekday names at least once in each year; but it would 
leave the almanac fixed at 364 week days* Not only would 
cver>' year commence on the same week day^ say Sunday, but 
any particular date, such as the 4th of July would always 
occur on the same week day. Anniversaries would always 
fall on the same week day, as well as on the same month day. 

Plan sometimes also called the “French Plan,” em¬ 
ploys a fixed calendar, and also equal quarters, neglecting the 
supplementary days. Each quarter would have months of 
30, 30 and 3J days, or 91 days in alL The B almanac is 
shown in Table V. It will be seen that each quarter com- 
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mences on the same week day as the year, Sunday being the 
preferred initial day. Some, howev'er, would prefer Monday. 
Moreover, half years and quarters contain the same full 
number of months and of weeks. The supplementary year 
day might be inserted either after December ^ist or as the 
o day of January following. 

Plan C also Involves a perpetual calendar. Like plan S, 
it has a supplementary year day at the end of the year, and a 
supplementary leap day near the middle of the year. It 
would, however, replace the non-uniform months of the 
Gregorian calendar, by thirteen months all uniform and alike. 
Each month would then have, neglecting supplementary 
days, just four weeks or 28 days. The new month, for which 
the name “Sol*' has been suggested, would be inserted as the 
middle month of the year, between June and July. Plan C 
is presented in Table \T. It has been named by its sponsors 
“The International Fixed Calendar.” 

It will be seen that according to this fixed almanac, all 
years, halves, quarters, months and weeks commence with 
the same day, preferably Sunday. It would therefore be 
easy to assign from memory alone the week day pertaining 
to any given date. On the other hand, half years and quarters 
would not conform to the months, and would require to be 
expressed in weeks. Monthly accounts, statistics and com¬ 
parisons would be facilitated; but there w'ould be 13 instead 
of 12 monthly accounts each year, and it w'ould be more 
difficult for the peoples of the wwld to change to a new 13 
month calendar, than to a revised 12 month calendar. Under 
plan C, it might not be necessary to carry about a pocket 
calendar, on order to find the week day of an event, or the 
number of days in the year up to any given date. On the 
other hand, the dislocation in anniversary dates after adopt¬ 
ing plan C, would be considerably greater than with plan B, 

The League Committee of Enquiry reported concerning 
plans B and C: 

“Generally speaking, and considering only the intrinsic value 
of the last two main groups” {B and C) “the 13 month system would 
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seem to be of greater utility from the point of view of atati&ttcs and 
coinmerce^ if the month, rather than the quarter^ k to be taken as 
the unit of econoiuit life* The 12 month system would be prefer¬ 
able in the other coo tinge ncy* As regards the possibility of their 
practical application, the preliminary enquiry shows that the 
various Governments are more favorable to the 12 month system, 
which would cause less disturbance to established customs- Most 
commercial establishments seem to take the same view. An 
increasing number, however, seem to favor the 13 month system, 
particularly those which arc already using it as an auxiliary calen¬ 
dar—a point to which we shall refer later—and have been able to 
gauge its results.” 

In regard to these auxiliary calendars, the report men^ 
lions later on that 

^Trom the information received, it appears that a large number of 
important organisations (British railways and many American 
Organisations) have already adopted various systems of auxiliary 
perpetual calendars, in particular, auxiliary calendars based on the 
1 j months of 2S days system-” 

The full printed report in French and English of the 
Leagued special Committee of Enquiry, which is only out¬ 
lined above, is a printed document containing 163 pages* 

33 * 19^^ Vlfl) August 1936. It deserves careful study. 

Among the many calendar amendments suggested to the 
League, were some relating to the opening of the almanac, or 
New Yeark Day. We have seen that January ist \% an 
arbitrary date, arrived at by the Republic of Ancient RQm.e, 
and left unchanged by Julius Csesar. A more rational and 
systematic date would be an astronomical epoch in the year, 
such as one of the tw'o equinoxes, or one of the two solstices. 
The French Republican calendar of 1792-1806 selected the 
autumnal equinox. A number of suggestions to the League 
favored the Winter Solstice (December zid). The change 
would involve a dislocation in the calendar by a jump of 
ten days. The disadvantages of such a dislocation were 
generally agreed to outw^eigh the advantage of greater ration¬ 
ality in the position of New Yeark Day* The ten day Jump 
in establishing the Gregorian calendar w'as necessary, in order 
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to maintain the seasons; but it left a long train of disputes and 
litigation. 

After making its above mentioned report, the special 
committee was dissolved, and the work of investigation was 
resumed by the League Organisation on “Communications 
and Transit” through its permanent A & T Committee. 

Origins of Suggesteii Reform Calendars 

In 1835, the Abbe .Marc Mastrofini suggested a perpetual 
Gregorian calendar, beginning every year with a Sunday, and 
leaving the last day of the year blank, with no week day name. 

In 1S49, Auguste Compte suggested a perpetual calendar 
of 13 equal months, and a supplementary day at the end of 
the year with an extra supplementary day in leap years. 
The plan received very little attention at that time. A similar 
perpetual calendar, now called the International Fixed Cal¬ 
endar (Table \’tj was developed by Air. Moses B. Cotsworth 
in 1888. Air, Cotsworth was born in England in 1839, and 
was employed in the Accounting Department of British 
Railways. He worked out the 13 month calendar to simplify 
railway statistics. After 1888 he devoted his time to calendar 
simplification. His calendar was endorsed by the Royal 
Society of Canada and by the International Chamber of 
Commerce. It was endorsed in 1929, by the then United 
States Secretaries of State, Commerce, Labor, Interior, Nav>', 
and Treasury. The late Mr. George Eastman, of Kodak 
fame, also endorsed the International Fixed Calendar and 
became the President of the American National Committee 
on Calendar Reform. 

The “French Plan,” the “Swiss Plan” and the “World 
Calendar” are all fundamentally alike in offering perpetual 
calendars with supplementary'' days and equal quarters. 
They differ in details. The first (Table V) offers 30, 30 and 
31 days per quarter, while the last two (Table VH) offer 
31, 30 and 30- This **World Calendar^’ reasonably claims 
certain improvements in detail over its predecessors. Thus 
the last month of each quarter contains five Saturdays and 
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five Sundays in the “French Plan"; but five Saturdays and 
only four Sundays in the “world calendar.” 

The world calendar is sponsored by the World Calendar 
Association (Xew York City), of which Miss Elisabeth 
Achelis is President. 

Any perpetual calendar If adopted as starting on a Sun~ 
day, would naturally begin with a year of Gregorian Sunday 
opening. Such opportunities will occur in 1939 and 1950. 

Actions of the League or Nations Subsequent to 

1926 

Convention of the Fourth General Co-nference by tke Organisation 

on Communications and Transit (Fill), October JpJ/, to 
discuss Caleridar Reform 

The League Issued in March 1931, to the various govern¬ 
ments of the world, an invitation to send representatives to a 
General Conference in Geneva on October 26th, 1931- The 
agenda included; “Examination of the expediency from an 
economic and social standpoint; 

(a) of fixing movable feasts; 

(b) of simplifying the Gregorian calendar." 

In June 1931, the League issued a printed 28 page pam¬ 
phlet of preparatory Documents for the Conference (4th 
C. G, C, T. i) as information and agenda. It recited recent 
actions in various countries on the questions (a) and (b), the 
disadv'antages of the present calendar and the principal 
schemes for its reform, U. (ei) Unfixed non-supplementary 
day calendars, (B) Fixed calendars having supplementary 
days, including iz month equal quarter calendars and 13 
equal month calendars. It suggested that the Conference 
should confine its discussions to these items. Opinions on 
them coming from national committees were briefly cited. 
The personnel lists of national committees in 27 countries 
were annexed- 

In reference to the state of public opinion over question 
(a), it was pointed out that 
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According to the British CommittM^s report, pubHc opinion 
in Great Britain attaches more im porta nee to this question than 
to any of the other changes that calendar reform would involve. 
Any scheme that did not include this stab! Li sat ion would be badly 
received and if the other proposed changes are to be seriously con¬ 
sidered, it is important that the public should have an assurance 
that the reform in connection with the movable feasts will be 
carried through. Moreover, an Act of Parliament was passed in 
fixing the date of Easter on the first Sunday after the second 
Saturday in April. This Act was to come into effect on a date to be 
fixed by Order-in-CouneiJ. It provided for a draft order to be 
submitted to both Houses and approved by them* Before the 
draft order was framed, consideration was to be given to the official 
views expressed by any Christian church or institution.^* 

The Conference met in Geneva on October 12th. The 
American Official Representative was Dr. Q F, Marvin, 
Chief, United States M^ather Bureau, and Vice-President 
of the United States National Committee of Enquir)*" on 
Calendar Reform. The attendance was, in all, 140 persons: 


44 Governments __........... 90 persons 

16 Scientific and industrial organisations........_*. 16 persons 

14 Calendar and religious organisations, ..24 persons 


The President of the Conference was Dr. A. de Va^con- 
cellos (Portugal). The Vice-Presidents were: M* Dreyfus 
(France) and M. Djouritchitch (Yugoslavia). The sessions 
extended over a w^ek. The records and minutes of the 
meetings have been published by the League in a 71 page 
printed document C 977- AL 542. 1931 VUL There were 
three plenary public sessions^ Tentative agenda were pre¬ 
sented by a Preparatory Committee, and these vvere adopted 
as follows: 

The stabilisation of Easter, 
i. I. The disadvantages of the present calendar. 

2. The principle of the perpetual calendar^ 

3- The respective advantages and inconveniences of the 
12 and 13 month perpetual calendars. 

At the first session, addresses were received from religious 
authorities, and invited organisations. 
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Strong opposition was made by representatives of the 
Jewish religion and also of one Christian sect (Seventh Day 
Adventists) to any plan of calendar reform which would 
interrupt the regular sequence of the seven days of the week. 
In particular^ proposed perpetual calendars were objected to 
which involved supplementary days w'ithout week day names, 
such as “year day’' or "leap day,” Certain international 
religious organisations also endorsed the above views. 

The general opinion of the representatives of the various 
countries W'as that Easter stabilisation was desirable, pro¬ 
vided that all the churches agreed to adopt It simultaneously. 
The date proposed in the British Easter Act seemed, on the 
whole, to be acceptable, viz. the Sunday foliowdng the second 
Saturday in April, 

It was agreed to express these secular opinions in an ".Act” 
for presentation to the religious authorities concerned, by 
the Council of the I.,eague. This Act was issued by the 
League (C. 785. M. 380, 1931 V'lII). The English version of 
the Act is appended to this paper. (See Appendix), 

b. The subject of Gregorian calendar reform w’as dis¬ 
cussed in the second and third sessions of the Conference. 
In these discussions, it soon became apparent that very few 
of the Governments represented had formed any definite 
opinion as to whether any reform of the calendar was neces¬ 
sary, or as to the particular plan of change that might be the 
best. Few of the delegates were authorised to speak definitely 
for their Governments. Under these circumstances, no at¬ 
tempt was made to reach any definite decisions by vote, 
except on matters of procedure. 

The Preparatory Committee reported upon more than 
350 plans for calendar reform, received by the League from 
all parts of the w'orld, since the last Conference, Le. between 
July 1st, 1926 and October 1st, 1931. These had all been 
analysed and classified. After eliminating duplicates and 
plans considered outside of the limits of enquiry, there re¬ 
mained 52 definite plans within the scope of discussion. In¬ 
cluding the plans examined and presented to the Committee 
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of Enquiry in 1926, the League has received and examined 
more than 500 suggested plans. The final analysis in 1931 was 
essentially the same as in 1926. Retaining the letters used in 
the analysis of 1926^ there were: 

A, Xon-perpetual calendars retaining 365 days in common 
years and 366 in leap years, with slight changes in the 
number tff days in the present months, substantially as 
considered m 1926+ 

B and C. Perpetual calendars, with 364 days in each year 
and supplementary days; t.tf. one at the end of each 
calendar year without week day name, always falling 
after Saturday, December 30tli, and called, say, “Year 
Day or 'i ear End Day,” and the other every' fourth 
year or Gregorian leap year, at or near the middle of the 
year, also without week day name, and called “ Leap 
Day" or “Leap Year Day.” 

Plan B offers 12 months of four equal quarters each of 
31, 30 and 30 days, sometimes called the "Swiss Plan” and 
also the World Calendar.*’ ft divides the year evenly into 
halves and quarters, but the months retain many of their 
present Irregularities. See Tables V and VH. 

Plan C offers 13 equal months of just four weeks each. 
It does not divide the year evenly by months into halves 
or quarters; but the months and weeks arc freed from ir¬ 
regularities. 

The discussions on subject (t) were offered in the fol¬ 
lowing Order: 

bt. Defects of the present calendar. 
bz. Principle of the Fixed Calendar. 

Aj. Respective merits of a fixed calendar with 12 or with 
13 months. 

bi. V’iews were expressed by the representatives of Italy, 
the Netherlands and Great Britain, that the defects of the 
present Oregon an calendar were not great enough to call for 
reform. In discussion, however, the opposite opinion pre¬ 
vailed, and it was finally decided to record that the Confer- 
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ence in committee was of the opinion that the disadvantages 
of the present calendar were sufficient to Justify considering 
the feasibility of rectifying them^ 

bi and were found to be so closely connected that they 
were virtually discussed together. As most of the Govern¬ 
ments had formed no definite opinion, it was clearly in¬ 
advisable to seek a vote upon these questions. Many 
speakers, however, offered %dews based either on opinions of 
representative groups in their respective countries, or on the 
findings of their National Committees, etc. Many such 
Btatements clearly favored a perpetual calendar, and argued 
that no partial change should be made at any lime, but that 
the major defects must be removed when the time came for 
making a change. It is believed that the following countries 
were to be listed in this group: Belgium, Canada, China, 
Czechoslovakia, France, Germany, Greece, Hungary, Portu¬ 
gal, Spain and the United States, also the International 
Chamber of Commerce, representing opinion in many national 
groups. 

On the other hand, Sir John Baldwin, speaking for Great 
Britain, Northern Ireland and India, was unconvinced that 
reform was needed at present. The Netherlands and its 
colonies were decidedly opposed to any perpetual calendar, 
or any radical change, as were also Esthonia, the Free City 
of Danzig, Ireland and Japan. Sweden urged no change 
unless decided improvements over the present calendar were 
assured. Switzerland advocated a perpetual calendar of 
tw'elve months and equal quarters of 31, 50 and 30 days 
(Table VH), definitely opposing the 13 month calendar 
(Table VI). Several of the nations which were opposed to 
any radical change, might reluctantly accept the Swis$ Plan. 
The delegate from Hungary considered that his country 
might accept a change that removed both main defects of the 
present calendar, but not a change that would remove only 
one. 

Finally, before closing, the Conference ordered the fol¬ 
lowing resolution to be addressed to the participating Govern^ 
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merils, as a survey of its views. The resolution is here offered 
in full, because it summaKses the League's impartial analysis 
of the subject after eight years of study, including the ses^ 
sions of the Committee of Enquiry in 1926, and of the General 
Conference in 1931- 

Resolutiok Concern*!no the Economic anu Social Aspects 
OF THE Simplification of the Gregorian Calendar. 

The Conference decides to transmit to Governments invited to the 

Conference the following survey of the economic and social 

aspects of the simplification of the Gregorian calendar: 

The Conference has taken cognisance of the report of the Pre¬ 
paratory Committee on the question of the economic and social 
aspects of the simplification of the Gregorian calendar and has 
heard the statements of the representatives of the various Govern¬ 
ments as well as the additional information supplied by some of 
these with regard to the desiderata of the various National Com¬ 
mittees. The Conference was almost unanimous in coming to the 
conclusion that the present is not a favourable time, taking into 
account the state of opinion, for proceeding with a modification of 
the Gregorian calendar. 

Certain delegations declared that thetr Governments were not 
in a position at the present time to form a definite opinion on ques- 
tion$ relating to the expediency, from an economic and social 
point of view, of a simplification of the Gregorian calendar. 

Most of the delegations to the Conference have clearly recog¬ 
nised that the present calendar has certain disadvantages, as ex¬ 
plained in the report of the Preparatory Committee, and have 
expressed an opinion that it would certainly be desirable, in principle, 
to secure a simpler measure of time more accurately appropriate to 
the needs of modern economic and social life. A great many 
delegations, moreover, thought that, as any reform of the calendar, 
however moderate, would involve a rather awkward change in 
century-old habits, it would be preferable not to consider any reform 
which would not remedy the most serious defects of the present 
calendar. Of thirty-fiv'e delegations, eleven w'ere of opinion that, 
for instance, a mere equalisation of quarters would not be ac¬ 
companied by advantages sufficient to counterbalance the difficul¬ 
ties which must necessarily be encountered in connection with any 
modification of traditions or any period of transition. Four 
delegations were of a contrary opinion. It was also pointed out 
that such a small change from the present calendar w'ould not confer 


ArmUR E. KENNELLY 


101 

any notlceabk benefits on luture generations. Finally^ a great 
number of delegations expressed ihe opinion that any reform of the 
calendar cotild only be put into practice if it came into force simul¬ 
taneously throughout the worlds in a very great majority 

of States^ and it was for this reason that the study of this question 
had been placed under the auspices of the League of Natioii$+ 

The Conference examined the respective merits of the perpetual 
calendars of twelve and thirteen months as set out in the report of 
the Preparatory Committee, In the course of the discussions of 
the Conference, it was pointed out that the thirteen-month calendar 
was theoretically more perfect, particularly if appropriate measures 
could be devised for the purpose of safeguarding existing contracts 
during the transitional period^ but that the perpetual calendar of 
twelve months possessed the advantage of disturbing acquired 
habits to a much smaller extent. 

The introduction of supplementary days bearing no weekday 
rtamCj a necessaiy adjunct in practice to all perpetual calendars, 
roused the opposition of various religious communities and certain 
social organisations whose representatives were heard by the 
Conference, Some delegations expressed the same view. Most 
delegations were agreed that, failing a strong trend of opinion in 
favour of a perpetual calendar^ the opposition would, at least in 
certain countries^ make it very difficulty if not impossible^ to intro¬ 
duce the perpetual calendar. It was suggested to the Conference 
in this connection that, if this situation continued^ it would be 
possible to make appreciable improvements in the present calendar 
without introducing a perpetual calendar, by adopting a non- 
perpetual calendar of thirteen months without the introduction of 
5 uppkmen t a ry days* That calend a r would not permit, as accura tely 
as a perpetual calendar, an exact comparison of corresponding 
periods In different years, but would, neverthekss, in the opinion 
of its advocates, have the advantage of dividing up the year ration¬ 
ally, and of allowing of an exact comparison to be made between 
periods within the same yean It would also do away with the 
drawback of having weeks irregularly divided between two suc¬ 
cessive months in the same year. 

In the same connection, the Conference's attention was drawn, 
in particular, to the usc^ which is becoming more and more exten¬ 
sive among large commercial and industrial undertakings in certain 
countries, of an auxiliaiy calendar, usually based on the division of 
the year into thirteen months, ft was suggested that the experience 
gained In this matter should be properly csxirdinated* If the use 
of these auxiliary calendars became suEciently general among 
commercial and industrial organisations and among statistical 
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and^ particularly^ if they were employed by public 
authontiesT it would gradually be possible for public opinion to per¬ 
ceive more clearly the consequences of a simplification of the cal¬ 
endar. It was also suggested that it was even possible that, if this 
were done, certain States in whose territories these calendars came 
into general use might think fit in due course to confer upon them 
an official character as auxiliary calendars recognised In certain 
official or private economic activities concurrenilyp at all events for 
a certain time^ with the use of the ordinary calendar. 

The Conference considered that the efforts of the Advisory and 
Technical Committee for Communications and Transit^ through its 
Special Committee for the Reform of the Calendar, through the 
National Committees sec up at its request, in consequence of a 
resolution of the League Assembly^ and through the Preparatory 
Committee for the Conference, had not been in vain. For the 
first lime, public opinion as a whole has begun to be in a position 
seriously to discuss the advantages and draw'backs of the simplifica¬ 
tion of the Gregorian calendar. For the first time it has begun to 
perceive clearly that it rested wuth it alone to take whatever decision 
it considered advisable with regard to this simplification. It is 
also for the first time that Governments in general have been 
brought to regard the simplification of the calendar as a definite 
question capable of discussion between them in the course of 
official deliberations. The preparatory work mentioned above, 
and also the discussions in the Conferencej to which Governments 
wull doubtless devote attention, will provide the competent Govern¬ 
ment departments with the material necessary for a considered 
decision. 

In view^ of the situation set forth above, the Conference did not 
think fit to express any opinion on the principle of calendar reform, 
but the Advisor^' and Technical Committee for Communications 
and Transit will follow the efforts which will doubtless continue to 
be made for the purpose of enlightening opinion as to the advantages 
or disadvantages of a reform. It will also keep the Governments 
regularly informed on the matter. It will thus continue Its task, 
which has alvrays consisted, not in any particular propaganda, but 
in the impartial enlightenment of public opinion on an economic and 
social problem which, as experience has shown, and whatever the 
arguments advanced for or against the reform of the calendar^ 
arouses a lively interest m a large number of countries thfoughout 
the world. 

The above resoltJlion is the last official docurnent on 
Gregorian Calendar Reform issed by the League up to date, 


106 


ARTHUR E. KENNELLY 


being printed In Document C- 785, M. 380, 1931 VIII, dated 
October 24th 1931- 

Events Since 1931 Relating to the Qgestiok of Easter 

Stabilisation 

In accordance with the Act of the Fourth General Con¬ 
ference, as already quoted, and appended in full, the Council 
of the League brought the Act to the attention of ecclesiastical 
authorities bespeaking their favorable consideration. In 
document C. 335. M. 154, 1934 VIII, dated August 3, 1934, 
the League published a summary of the replies received. 

In regard to the attitude of the Holy See, it is notedi 

“By letter dated December 30, 1932, Cardinal Pucclli informed 
the Secretary General that the Holy See maintains the point of 
view already expressed in previous communications: t,^. that the 
stabilisation of Easter is a pre-eminently religious question which 
falls within the competence of the Holy See and that, for reasons of 
higher spiritual concern, the Holy See cannot contemplate a change 
in the matter.” 

Unfortunately, this attitude appears to be inconsistent 
with the report of the Committee of Enquiry in 1926, pre¬ 
viously quoted, which declared “ if it can be shown that the 
filing of the festival of Easter would be of unhrersal benefit, it 
would submit the question to the nest (Ecumenical Council.** 
On the other hand, the attitude of a large number of 
Christian churches outside of the Holy See was summarised in 
five articles of which the first three are as follow: 

"1. The overwhelmiLg majority of the Churches agree that objec¬ 
tions of a fundamental nature to a stabilisation of Easter 
cannot b-c raised. 

II. The overwhelmmg majority of the Churches make their agrees 
ment to the stabilisation of Easter dependent on the fact 
that a general agreement between the Christiao Churches 
on the question can be reached. 

III. To the proposal of the League of Nations to fii Easter on the 
Sunday following the second Saturday in April, the vast 
majority of the Christian Churches do not raise any ob- 
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jections; whil^ a very considerable proportion of them 
definitely express agreeinerLt.” 

The last named document of August 1934 is the latest 
publication of the League relating to Easter stabilisation to 
this date (April 1935). 

In August 1934 i Universal Christian Council of 
Churches in America unanimously adopted four resolutions 
relating to Easter Stabilisation and to Calendar Reform. 
The first reads as follows J 

“The Universal Christian Council agrees that in any calendar 
reform and new regulation of the date of Easter, the disturbances 
and distress In social and economic life caused by the changing date 
of Easter should be restricted to a mininium and that therefore in 
any such new regulation the Festival of Easter should be definitely 
stabilised on a fixed date^ on condition that it should always fall on 
a Sunday/* 

Conclusion 

It may well be claimed that the very numerous expres¬ 
sions of opinion secured through the channels of the League, 
from all parts of the Christian world^^ show a strong and 
general belief that the present wide variations of Easter in 
the Church calendar produce, in the aggregate, rnuch Incon¬ 
venience, disturbance and expense to all the Christian coun¬ 
tries directly, and to non-Chrlstian countries, in lesser degree, 
indirectly* The League has opened an opportunity for 
granting a great and gracious boon to all humanity, if the 
authorities of the Christian Church would consider the 
question of abandoning the lunar portion of the existing 
Church Calendar, thereby reducing it to a purely solar caL 
endar* The disturbing influence of the ^^agrant moon has 
been a burden on the Christian world for more than sixteen 
centuries. The change lies within their power to effect, 
without altering the civil Gregorian calendar. The League 
has shown that no universal international agreement on 
changes in the Gregorian calendar can be looked for at present 
and that much more study must be given to the subject before 
the various governments can crystallise their opinions for a 
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vote* Any change which was not universal would annul the 
great advantage of the present Gregorian civil calendar^ Lf. 
its universality. Pope Gregory XIII earned lasting grati¬ 
tude and fame for his leadership in correcting the Julian 
calendar in accordance with the best astronomical knowledge 
of the sixteenth century. At that time, 1582, opposition to 
the change developed among the branches of the Christian 
Church, and the change is even now barely complete* At 
this time, no opposition appears to Easter stabilisation, if the 
Christian Church Authorities would grant it. 

Appendix, 

Act RirgafUng the- Econotttu and Sana! A^pfas of Fixing Afetuabi^ 

Whereas this Conference is called upon to give its opinion on the 
expediency from an economic and social standpoint of stabilising the 
movable feasts; 

And whereas the present instability of movable feasts disturbs 
the regularity of industrial^ financial, commercial and judldal 
activities^ as well as the application of a normal plan of school and 
university studlee; 

And whereas, the Easter season being almost universally a 
holiday period, the siabiilsatlon of this festival at a suitable time 
would offer genuine advantages to the population as a whole* and 
especially to employers and employees in all branches of industry^ 
finance and commerce; 

And whereas large sections of the population, and particularly 
economic circles and those interested in education, have expressed 
the almost unanimous desire that movable feasts should be fixed ^ 

And whereas stabilising the movable feasts Is a pre-eminently 
religious question and any solution of the problem therefore depends 
on the free decision of the religious authorities; 

And whereas the Conference has noted that, according to the 
views expressed by the Special Committee on Calendar Reform, 
which included representatives appointed by the Holy See, His 
Holiness the CEcumenieal Patriarch, and His Grace the Archbishop 
of Canterbury, consideration of calendar reform+ as regards both 
the stabilisation of Easter and the more general question of the 
reform of the Gregorian calendar, does not encounter difficulties 
which can be regarded in advance as insurmountable; 
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And whereas the Conference has also noted that, by a letter 
dated March 7th, 192+, sent to the Secretary-General of the League 
of Nation? through the Apostolic Nuncio in Switzerland, the Holy 
See announced that, if it were proved that the genera] welfare 
called for changes in the venerable traditions at present followed in 
determining ecclesiastical feasts, particularly the feast of Easter, 
the Holy See would only examine the c^iiestion on the preliminary 
recommendatioa of an cecumenlca] council; 

And whereas, in the preliminary proceedings, the other religious 
bodies interested have raised no objection to the fixing of movable 
feasts, provided that such reforms meet with the approval of all 
the Christian Churches; 

And whereas It is the duty of the Conference to voice the opinion 
of the Governments on the secular aspects of stabilising Easter and 
the movable feasts dependent thereon; 

The General Conference declares that the Government whose 
representatives at the Conference have voted for this declaration, 
or which inform the Secretary-General of the League of Nations 
before ATay Ist;^ ^9J^t that they endorse this declaration, conaiderj 
from the economic and social standpoint, that the common good 
calls for the stabilisation of movable feasts. 

.As regards the day that might be selected for the feast of Easter^ 
most of the Goverititients whose representatives have expressed 
any opinion on the matter have pronounced in favour of the Sunday 
following the second Saturday in ApriL 

The Council of the League of Nations is asked to bring this 
Act to the notice of the religious authorities concerned* expressing 
the hope at the same time that they will consider in the most favour¬ 
able spirit what action they may take in the matter. The Council 
is also requested to notify the Governments invited to the Con¬ 
ference* before April 30th, i 933 ^ ^iews expressed by the 

religious authorities on this Act and on the action which they may 
propose to take upon it. 
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CRYPTASPIS AND OTHER LOWER DEVONIAN FOSSIL 
FISHES FROM BEARTOOTH BDTTE, WYOMING 

. WILLIAM L. BHYANT 

[JUad by ijjtic .-fpfU JTflj ip/j) 

A CHA^fNEL filled with sediments of Lower Devonian age 
was discovered some years ago at Beartooth Butte, Wyoming. 
Entombed therein have been found the remains of a remark¬ 
able assemblage of the most primitive plants and vertebrate 
animals accompanied by Eurj'pterids. Some of the latter 
attained a length of three or four feet. Twenty-eight new 
species of fossil fishes included in thirteen genera, have been 
described from this ancient watercourse, which thus proves 
to be one of tjie most important depositories of primitive 
vertebrates in the world. 

From all of the available evidence Dr. Erltng Dorf, who 
first discovered this ancient channel and who led several 
expeditions thereto in search of fossils, has concluded that 
"the sediments of the channel fill were deposited in fresh 
or brackish water under estuarine conditions in a drowned 
river valley.” * 

it appears that quiet water in which line calcareous sedi¬ 
ments were deposited prevailed during most of the history 
of this river valley. At times, there was considerable sub¬ 
mergence; at other times the waters became quite shallow, as 
evidenced by numerous mud cracks. All of the flora consists 
of land plants, of 'which the fragile and delicate parts have 
been hardly damaged in transportation. All of it belongs to 
that primitive group, the Psilophytales. 

Turning to the fishes, we find fine, large species, several 
groups of which average far larger than their nearest European 
relatives. These include Ostracoderms, Sharks, and Arth- 

^ EHIng Dorf, “Straiig«pliy md of a. New Devonian Fomutran at 

B«artociiii Journal Vd. XLIL^ Na f, 1934. 
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rodires. Only the bony armor and scatea of these fishes are 
preserved, but in some head-shields we have the delicate 
Impressions caused by portions of the brain and other organs^ 

Merostomes are rare in these deposits. Two genera, each 
represented by a single species, with few examples of each, 
thus far have been discovered. One of these attained con¬ 
siderable size, exceeding in length most of the fishes, which 
must have found in it a formidable competitor. A description 
of these Eurypterids by Dr. Rudolf Ruedemann will be ap¬ 
pended to this paper. 

A Princeton expedition to Bcartootb Butte during the 
summer of 1934 brought home a further collection. This 
collection, wliile containing few new' forms, is important be¬ 
cause of the fine preservation of many of the specimens, giving 
more detailed information concerning a number of species. 

The vertebrate fossils were loaned to me for study by 
Professor ^\''illiam J. Sinclair of Princeton University. It 
is the purpose of this paper to communicate the additional 
knowledge afforded by the most recent collections, and to 
describe sucli new species as have come to light. 

Order lleterostraci 
Suborder Cyathaspida 
Genus Cryptaspis Bryant 

In his unfinished work on the CyethaspidSj an abstract 
of which was published by Heintz in 1932/ the late Professor 
Johan Kiaer divided the suborder into two tribes, the Poras- 
pidti and the Cyathaspidd, In the first tribe, the dorsal 
shield is always entire and undivided; in the second tribe, 
the dorsal shield Is more or less distinctly divided into four 
parts. Prior to the discovery of a dorsal shield of Cryptajpis 
In the Lower Devonian beds of Beartooth Butte, it was 
supposed that the Cyathaipida^ which appeared for the first 
time in the marine Silurian of Europe and North America, 
had disappeared with the close of the Downtonian. The 

* JchiCk DowntonUn SLCtd Devonla.n Vertebral** cf Spitzbergcii/' 

IV, SutK>rttcr Q’lihaspidft. Dept- Hajidv^rk og 

FltLcn- Skrifterom Svalbard eg 1932 . No. 
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genus Cryptaipis^ therefore, includes the youngest known 
members of the Cyathaspida as well as the largest forms yet 
found. 

The present genus, Crypiaspis, was established by the 
writer ’ on a unique dorsal shield, several branchial plates, 
and a fragment supposed to have been part of a ventral 
shield. While the type dorsal shield eAhibited a nearly 
complete sensory canal system with impressions of the pineal 
organ and of several branchial sacs, certain important di¬ 
agnostic features were not apparent in this specimen. The 
collections made last summer (1954) include several dorsal 
shields. These afford much new information concerning the 
structure of this fish and make possible the following amended 
diagnosis of the genus; 

This includes comparatively large forms belonging in the 
family Porasptda. The dorsal shield is entirely undivided 
and weakly vaulted. The lateral margins bend abruptly 
downwards and slightly Inwards. The rostral region is short, 
broad, and u neons trie ted, There is no terminal beak. The 
well developed maxillar brim.is broad and flat. In the bran¬ 
chial part each lateral margin of the shield is bent outwards 
to form a rounded shelf. Above this the shield is pierced 
for the branchial opening which is thus wholly enclosed within 
the dorsal shield. The post branchial part Is short. The 
posterior margin of the shield is thickened, terminating in a 
short flat median Jobe. The orbits, placed far forwards, are 
directed laterally and are partially bounded by notches In 
the margins of the shield. The dentine ridges are fine and 
flat above, but laterally crimped. In the rostral region they 
are arranged fanwise; elsewhere they run in subparallel, 
longitudinal rows, separated by minute grooves. The dermal 
skeleton is thin with well developed cancellous layer. On the 
the inner surface of the shield are to be seen Impressions of 
the nasal sacs, the pineal macula, the semicircular canals, the 
hind brain, and the branchial sacs. The branchial plates are 

1 William L. Brjant, “The Fi*h Fauna of Bearlwth Butin.” Pan III. Prof. 
4 mn. PkU, Sot., Vol, LXXIII. Xa 3. J934. 
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very short. They are located directly below the lobes, In 
which arc contained the branchial orifices, and are bounded 
on three sides by the margin of the dorsal shield. On the 
lower side they are in contact with the lateral margin of the 
ventral shield throughout their length. They exhibit distinct 
areas of overlap on both longitudinal margins. 

Unfortunately nothing is known of the posterior half of 
these fishes. Scales and fins have not yet been found. 
Plates in the suborbital region and mandibular elements are 
also unknown. 

The genus Cfypt<ispis resembles in many ways the Spitz- 
bergen Por^spis. But while in Por^spis the branchial plates 
arc long and slender, extending almost to the orbital region, 
in Crypt^ipis they arc short and rather wide. In Porasfis 
the branchial opening is located between the lower margin of 
the dorsal shield and the upper margin of the branchial plate. 

In Cryptaspis, the branchial opening is wholly enclosed within 
the dorsal shield. It may be that these and other characters 
are of family value, but as 1 have found considerable varia¬ 
tions in the proportions of branchial plates clearly belonging 
to this genus, I believe that for the present Crypiaspvs should 
be included with the Poraspids, Cryptttspis is the most 
primitive fish of Beartooth Butte. Its nearest American 
relative is Palteaspis from the Silurian of Pennsylvania. 

Cryptaspis eliipticus Bryant 
Pis. I-Vj PI. VI, Fig. I; Text Fig. i 

Among the collections made at Beartooth Butte last 
sunrtmer (1934) are a number of more or less well preserved 
dorsal shields of Cryptaipis eliipticus. The best of these, 
(Mo. 13844), is partially preserved in counterpart. Pi. I 
shows a natural cast of the inner surface of the dorsal shield. 
The greatest width of the shield is found at the expanded 
branchial lobes, which are located rather far back on the sides. . 
From this point the shield narrows in both directions, gradu- . 
ally towards the blunt snout and more rapidly towards the 
rear, where it terminates in a blunt median lobe. It is only 
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weakly and uniformly vaulted above> but the sides of the 
shield arc flexed sharply downwards and inwards, except 
below the branchial openings where they project outwards in 
rounded lobes^ Beneath these lobes the Jateral walls of the 
shicEd are excavated to receive the branchial plates which 
they embrace on three sides. The lateral flanges are about 
5 mm. in width. The lateral and posterior margins of the 
shield are thickened. Across the posterior margin this thick¬ 
ness forms a rather broad band. 

The greatest length of this specimen is 78 mm. Its 
greatest width is 44 mm* (restored). The rostral length is 
9 mm- and the pineal length is 15 mm. According to the 
system of measures proposed by Kiaer,^ the breadth-length 
index is therefore 56 and the rostral index is ii* 

A feature conspicuous in this fossil is the broad maxillary 
brim;, extending almost from orbit to orbit^ and^ no doubt, 
marking the boundaries of the terminal mouth- An enlarged 
view of it will be found on PL III. The functional surface 
is strongly rugose- There are no impressions left by the 
nostrils, but on the counterpart of this specimen, seen on 
PL II, are a pair of large, rounded impressions directly behind 
the maxillar brim. These were undoubtedly caused by the 
olfactory organs. 

The eyes were situated far forward on the sides of the head 
and were directed laterally. They arc partially enclosed by 
notches in the flexed lateral margins of the shield and are 
hardly visible when the shield is viewed from above. On 
the natural cast of the inner surface of the shield, shown on 
PI. Illy they are seen as prominent rounded tubercles retaining 
their original shape. The pineal macula is always large, 
prominent, and is longer than wide. It is located rather far 
back on the head. Impressions caused by the semi-circular 
canals are not vrell shown on this specimen, but they are 
conspicuous on another specimen (No. 13845}, shown on 
/ PL \\ 

The well defined median impression apparently caused by 

■ Op. ck. p. IQ. 
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the hind brain or nerve cord, conspicuous on PL IV, L jg. 2. 
is remarkable for its length, extending well behind the bran¬ 
chial lobe. The anterior termination of this impression is 
not distinct, but it arises just behind the semi-circular canals. 

In nearijr all dorsal shields the impressions after the 
branchial sacs are more or less well preserved. The best 
example of these is exhibited on the specimen figured on 
PI. V, where six paired impressions are seen. The peculiar 
branchial opening is well shown on only^ one specimen—the 
natural cast of the inner surface of the shield in specimen No. 
13844. Unfortunately, the counterpart of this specimen was 
broken away at this point, leaving one in doubt as to the 
outer configuration of the opening. Apparently there were 
two branchial orifices on each side, consisting of elongated 
slits upon and above the branchial lobe. One of these open¬ 
ings arises above the other and curves downward beyond it. 
The orifices of the right side are shown on PI. I\L Fig. 2. 

The sensory canals system of the dorsal shield is illustrated 
in the attempted restoration (Text Fig. i). These canals 
are usually seen on specimens as open grooves, but actually 
they were situated within the test and communicated to the 
surface by means of rather large closely spaced pores. Usu¬ 
ally the canals do not run in straight lines, but while arranged 
in the same pattern, meander somewhat differently in various 
specimens. There seems to be a definite relation between 
the transverse canals and the branchial sacs. 

Branchial plates have been found in direct association 
with dorsal shields in two specimens. One of these was 
illustrated in a former paper. The other, a left branchial 
plate, is to be seen behind its original position, on PI. II. 
It measures 20 mm. in length by 3 mm. In width. The upper 
margin is slightly convex and the lower margin slightlj'' con¬ 
cave, to agree with the contours of the dorsal and ventral 
shields. The branchial plate w'as overlapped on three sides 
by the dorsal shield, and on the fourth by the ventral shield, 
as showm by distinct areas of overlap. Just below the 
branchial lobe, the lateral margin of the dorsal shield is 
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Tkjct Crypf4ispu fUiptiw Bryant- Outline drawin;^ of the dermal 

fttfdcton. Aj dorial ahidd; ventral shscld; C, lateral view of doraal and ventral 
ahidds^ bLdwid^ petaitiOq g| the branchial plate- 

'fhe course of the Bcn&aiy EranalE on the dorsal shield is ihowo by solid HrwSf 
Impressloiu on the visceral surface of the shleEd are sEtown at doited lloei. Bo^ slltB 
ID the dorsal shield abo^'e the branchial lobe. X i- 


deeply eicavated to receive the branchial plate, of which the 
relation to dorsal and ventral shields la shown in Text Fig. i. 

Only fragments of the ventral shield in this species have 
been found. The specimen shown on PL IV, Fig. t is the 
best of these. It exhibits the front half of a ventral shield^ 
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which is seen to be rather deeply vaulted* It is cmarginatc 
in front, where there is an articular area, apparently for the 
mouth plates* There are no sensory canals or Impressions 
of branchial sacs preserved in this specimen. 

The superficial ornamentation in this species has already 
been described and illustrated.* It only remains to add that 
about five dentine ridges are contained in i mm. On the 
front margin of the shield these ridges are somewhat enlarged 
and their terminations have a toothlike appearance. These 
denticulations may in fact have been functional (PL V I* 
Fig* 0 . 

Crypiaspis Jlabflliforfnis n. sp. 

PI* VII 

Type: A nearly complete ventral shield in grey limestone 
(No. 13SS8). 

This species is founded on a nearly complete ventral 
shield of comparatively great size* It is uncrushed except 
for a single longitudinal fracture. The shield measures 
100 mm. In length and 83 mm. in greatest width, which is at 
a point rather far back. Each lateral margin of the shield 
at the point of greatest width forms a gently rounded lobe 
to conform to the shape of the branchial plate which it over¬ 
laps* Thence the shield rapidly narrows with almost straight 
margins towards the front, where it measures only 37 mm. in 
width. The anterior end is emarginate. The hinder portion 
of the shield tapers rapidly to a raiher sharp median lobe. 

The shield is arched in all dircctionSj gently so from front 
to rear. From side to side* it is almost flat across the front, 
but rapidly arches towards the region of greatest width, 
where the sides are well flexed. The extreme posterior 
portion of the shield is also nearly flat from side to side. 

The *^bone’' composing the shield is extremely thin, less 
than half a mm* In thickness. The superficial ornament 
consists of flat topped ridges, the sides of which are crimped. 

^ W, L, Britan t FIbIi of Bcartooth Butte, Wyomtug.” P^^rt L 

The Hctcra^traci and PI. XVI 1, Fiff. P^Pf* Jmrr. Phii. Vol* 

I*XXIJ. No. C loiT. 
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Less than four of these ridges are contained In one mm. and 
they are separated by extremely narrow grooves. The ridges 
are snbparallel and generally run in a fore and aft direction. 
In some places, however^ they are greatly contorted notably 
so towards the front. 

Sensory canals are not presented and there are no im¬ 
pressions of branchial organs. This shield clearly pertains to 
a new species. It represents a form,, more than twice as 
large as Crypi^spis ellipiicus. The dorsal shield must have 
been much wider in its posterior moiety than that of the 
latter species, and the ventral shield was not so deeply arched^ 
especially in front. 

Crypt^jpij sp. 

Among the last summer's (1934) collections are a number of 
detached branchial plates. Some of these, while exhibiting the 
generic characters of Cryplaspu^ differ from each other so de¬ 
cidedly that they clearly pertain to various species, some of 
which must be new. Some of these plates are narrow and 
elongated. Others are short and wide. Some are straight^ 
while others are curt^ed. On PI. Figs. 1 to 3, I have 

figured a few of these branchial plates^ It will be observed 
that the plates show practically continuous areas of overlap. 
On the dorsal margin the overlapped areas are the widest, 1 1 is 
probable that the specimen shown in Fig. 1 is the branchial 
plate of C fiabflliformis. The others may belong to species 
w-^hose dorsal and ventral shields have not as yet been found. 
In allj the dentine ridges run obliquely downwards and 
forwards across the plate. 

Genus Ci^rdiptitis Branson and Mehl 

This genus was founded in 1931 by the above mentioned 
authors/ on a large dorsal shield found in the lower member 
of the Jefferson formation at Blacksmith Fork, Utah. From 
a microscopical examination of the esoskeleton, these authors 

^ E. B. Brinsqn and G. Mrhlt *‘*Fiah« of the JcfferBgn Formation qf L'tuh." 
/efiirntf/ fl/ Vot. XXIXj No. 6, i^j u 
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placed this genus among the HeUrojlraci and compared it 
with the Silurian genus Pali^aspiSj with which it agreed in 
having the dorsal shield entirely' undivided and to a lesser 
extent in the character of its ornamentation. Subsequently^ 
the present author ^ described two more species from the 
Lower Devonian of Beartooth Butte and proposed to group 
the various species in a new family^ the Ci^rdipekidns:. Cer¬ 
tain structural features indicate that this family belongs in 
the tribe Poraspidei of the sub-order Cyalkaspidit. 

A striking peculiarity in C^^rdipi^t^iJ consists in the curious 
paired notches found on the lateral margins of the shield, 
about midway of Its length* These were described as orbital 
notches by Branson and Alehl and this interpretation was 
followed by the writer, A closer study of these notches has 
now convinced me that they have nothing to do wdth the 
orbits, but that they mark the position, of the branchial 
openings. Continuous with each notch is a deep furrow 
excavated in the bone and directed obliquely backwards and 
inwards. On PI* IX, Fig, I may be seen a view of the left 
lateral notch of C. oblojigus^ The groove is partially ob- 
s^cured by the matrix, but it will at once be evident that this 
Sinus has none of the usual characters of an orbital notch* 
On the other hand, it would seem to be well adapted for the 
boundary of a branchial outlet. If this interpretation be 
true, as I believe, then the position of the eyes in Cardipdtis 
is still unknown and the branchial organs were located well 
forward, below the anterior half of the dorsal shields 

The exosheleton in species of Cardip^UiSf found at Bear- 
tooth Butte, is exceedingly thin. In one specimen, found 
last summer the superficial ornamentation has largely 

weathered away, leaving its impression in the matrix. In 
this specimen, shown on PI* IX;^ Fig. 2, one sees that the bases 
of the sculptured ridges were laterally crimped, exactly as In 
most of the other IhifToitraci found in this locality* This 

* W< L. Bry»nt, “The Fiih Fiuna of BeAnooLh Bmtc, Wyominp**' Frar. .^uwr 
PkU, Vol. LXXI I, No- s. iM j. 
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effect is also duplicated in the European genus fFeigdtuspisy 
recently described by BrotzenJ 

A small) oblong, but apparently complete plate or scale 
bearing the characteristic ornamentation of this genus was 
found last summer (1934) and is illustrated on PL VIIIj Fig, +. 
It is impossible to determine where on the body of Cardipdtts 
this plate was situated. It sornevvhat resembles the branchial 
plate in Cryptaspu^ but seems too small for the large shields 
of Cardipeltu^ It may have been a dental plate. 

Family Protaspida^ 

This family is represented in last summery's (1934) 
lections by a number of finely preserved specimens. Among 
them are a few detached median dorsal and orbital plates 
belonging to Juvenile individuals. These exhibit the sensory 
canal system with remarkable clarity. In adult individuals 
the canals are usually more or less obscures as preser^'^eds 
are recognised only by a slight thickening of the bone above 
the channels. In juvenile specimens with extremely thin 
testSj the sensory canals are readily discernible. 

On PL X, Fig. I I have illustrated the median dorsal plate 
of a young specimen of P. buch^ri. The oblique paired canals 
are more widely spaced and more nearly horizontal than they 
appear to be in adult specimens. The anterior pair of these 
canals must have entered the lower arm of the orbital plate. 
Behind them a nearly horizontal pair n directed outward, 
towards the branchial plates. A third pair of canals run 
obliquely backwards terminating at the posterior lateral 
corners of the shield. All of these canals join or cross a median 
longitudinal pair which, originating on either side of the 
median dorsal spine, traverse the plate from one end to the 
other. For comparison I have illustrated on PL XI, Fig. 2, 
the median dorsal plate of a Juvenile specimen of Cyrtaspii 
ovatus^ showing well the sensory canals in the mid-dorsal 
region. 

^ Pritz Brocken,''Wcigettaipj* nov, gen. und St Phylo^ic 6tt FauunragcBdcii 
Hewrostrtci,” Sondtr-Abdrick Aua dtm CniirilblAtt f. -Min. eie. Jahr, 1931 Ahi, 

No. I2r 
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Sensory catiaU in the orbital region hitherto have not been 
observed in the Prot&spieiae. In our newest collections are 
several detached orbital plates on which the sensory canal 
pores are visible. Two of these plates, belonging to un¬ 
determined species, are figured on PI. XII, Figs, i, 2- A 
sensory canal, originating on the median dorsal plate, enters 
the orbital plate at the inner margin near the posterior end. 
Thence it runs forward, giving off branches which partially 
encircle the orbit. From thence a line runs across the dorsal 
arm of the orbital plate towards the pineal plate- This 
arrangement somewhat resembles that described in PUraxpis 
Smiik-Wo&dteardi by Broili.* 

Genus Protaspis Bryant 

The nearly complete armor of a large specimen of Pro- 
taspix buckeri Is Illustrated on PL XIII. In this specimen the 
dorsal shield is largely uncrushed. The rostral plate lacks 
its anterior termination, and the free end of the median dorsal 
plate has broken away. The pineal and orbital plates are 
well shown and the right orbital opening is conspicuous. Its 
borders are raised above the surrounding surface. The 
median longitudinal sensory canals can be seen distinctly. 
They run parallel to each other on the forward part of the 
shield and are so close to each other that they enter the pineal 
plate on either side of the pineal macula. 

The ventral shield of this specimen is also nearly complete 
and little crushed. It has slipped from Its original position 
and lies at an angle with the dorsal shield, and partly beneath 
it. The dorsal shield has been crushed upon it at this point 
so that the complete outline of the ventral shield is preserved. 
The vaulting of this shield is slight, whereas that of the dorsal 
shield is high. 

A fragment apparently referable to this species and show¬ 
ing a portion of the squamation of the body is shown on PL 

' F, " Dcr G^ttung PtcrtiSpil in dtn HuiiBnJcfcichritfcm." Ut^unberiefatE 

der BiycriBcfiefi def WIis. Matt.—natut Abt. Soadcr. diem JaEirg^. 

193J- 
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XT, Fig. 1. The very large, pointed dorsal and ventral 
ridge scales resemble those in the European Angiaspis. The 
intervening space is occupied by much smaller but less 
attenuated scales. A detached ridge scale is illustrated on 
PI. IX, Fig. 3. 

One of the largest of the Bcartooth fishes is Prctaipis 
(tmplus Bryant, hitherto known only by the type specimen, a 
crushed dorsal shield. .A second and much larger example of 
this fish was found last summer ([954), and is pictured on PI. 
XIV. The dorsal shield in this specimen measures 18 cm. 
in length and indicates a fish more than two feet long. The 
dorsal shield is preserved in visceral aspect and is deeply 
vaulted. Both lateral margins have broken away but the 
left cornual plate is preserved. The rostral plate is very^ long. 
In the present specimen it is contained only a little more than 
three times in the length of the shield. The spinal plate is 
Jong, narrow, and high at the distal end. A vacuity, which 
apparently marks the position of the branchial orifice, occurs 
just in advance of the cornual plate and at the outer termina¬ 
tion of the oblique, trough-llfce depression, which extends from 
the anterior end of the spinal plate to the postero-lateral 
angle of the shield. 

A nearly complete dorsal shield of Protaspis bre-ArostTis 
Bryant is illustrated on PI. XV. The shield is almost un¬ 
crushed. All of the component plates are distinctly de¬ 
marcated. The shield Is well arched, the highest vaulting 
occurring at a point in the median line distant from the 
posterior termination, twice the length of the spinal plate. 
The rear end of the median dorsal plate terminates in a 
broad, depressed lobe. Certain impressions caused by the 
sensory canals are visible on the surface of the plate. The 
branchial plates are very narrow and almost uniform in width 
throughout their length. 

The genus Cyrtaspts is represented in the latest collections 
by a number of dorsal and ventral shields in a fine state of 
preservation. Cyriaspij ovatus Bryant, the type species, has 
hitherto been known only by fragmentary specimens. A 
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complete dorsal shield of this species was collected last 
summer (1934) and is illustrated on PI. XVT. The rostral 
plate is not so large in proportion to the entire shield as was 
supposedj being contained nearly four times in the total 
length of the shield. The long, slender dorsal processes of 
the orbital plates are well shown on this specimen. The 
median dorsal plate is crushed nearly flat. A pair of trough^ 
like grooves, originating just in advance of the spinal plate, 
and becoming wider as they proceed, diverge obliquely out¬ 
wards to the postero-lateral angles of the median dorsal 
plate. Their outward terminations also mark the termi¬ 
nation of the branchial plates and presumably the location 
of the branchial openings. Similar paired grooves occur in 
several other Protaspids, ue. Protaspis ampins and Cyrtaspis 
papiilatus. They recall the grooves leading upwards from 
the branchial notches In the shield of Cardipeltis. 

IxCERTAE SEDIS 

In a former paper ^ I Illustrated a fragmentary plate 
bearing impressions of what seemed to be the sensory canal 
system of some unknowm form. Since then, two other ex¬ 
amples have been found. They are equally unsatisfactory 
in that they exhibit only the inner layers of the bone with 
none of the superficial ornamentation preserved. They are 
illustrated on PI. XVII, Figs. (, 2. The meandering lines 
shown in Fig. i are actually minute tubes. Sir Arthur 
Smith-Wood ward has suggested to me that these remarkably 
irregular tubes may be post mortem borings produced by 
some kind of parasite, perhaps a sponge or a fungus. The 
badly preserved condition of these bones, as though they bad 
been lying on the bottom for a time, unburied, would support 
this view. 

A small, oblong, slightly curved plate, found last summer 
(1934) and illustrated on PI. XII, Fig. 3, evidently belongs 

' \V. L. Biyani, “Hu Fi»h Fauna of Bearicodi Buitc, tVyicmilnf.'* Part I. 
'rhe HEteitisttact and OttwiCraoL Pftt, Jmtr, PhU. Sot., Vol. LXXlI. No. 5, 1933. 
P.311. PI. XXI, Fig. 1. 
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to ^iome undescribed member of the Hfi^rosiracL The plate^ 
which is apparently compleiej resembles in shape the bran¬ 
chial plates of Cryptasph^ but lacks the characteristic over¬ 
lapped areas; the dentine ridges^ which in Crypiaxpis are 
obliquely transverse, are arranged longitudinally on the 
present specimens. At each end of the plate the ridges tend 
to break up into fiat tubercles in a manner suggestive of 
PfQtaspis pfrryi- Still another innominate plate is illustrated 
on PL \T, Fig, 3, The lines inscribed on this plate are sug^ 
gestive of certain markings found on head plates of DipUrus- 

Order Jnkrodira 
Family Ac^nthaipidae 

All of the Placoderms found at Beartooth Butte are 
AcanthaspidS;^ the most primitive group among the Arthro- 
dires. Two genera, Euryaspis and Jntirikraspif, have already 
been described, with a number of species. The superficial 
structure of these forms is fairly well known from abundant 
materiaL Unfortunately, the bones composing the dermal 
skeleion of the trunk in these fishes have always been ma¬ 
cerated away from each other and from the head-roof, and 
have been scattered about before petriftcation. It thus 
becomes extremely difficult to assign detached body plates 
to any particular form of head-roof. The various species of 
E^ity^ispis are especially confusing In this respect, inasmuch 
as the ornamentation is identical in all forms. On the other 
hand) the bones composing the head-roof in the various 
species are so solidly fused together that it is usually im¬ 
possible to distinguish their true outlines. One of the occa¬ 
sional exceptions is found in the head-roof illustrated on PI. 
XVm, Fig. 2, on which the outlines of the large pineal^ and 
of the median basal plates are easily visible* In this head- 
roof the median basal plate is seen to be about twice as wide 
as long, overlapping the externo-basal plates to a considerable 
extent and reducing their exposed area correspondingly* The 
median basal plate in this form thus resembles that in Dinick- 
thyj, whereas, in head-roofs tentatively assigned to Euryaspis 
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brachyciphaius Bryant, the median basal plate is quite narrow, 
being longer than wide. It is possible that the present head- 
roof belongs with the ntedian dorsal plates heretofore de¬ 
scribed under the name of Euryaspis cristatus Bryant- 

Euryaspis major n. sp. 

PL XVIII, Fig. I; Text Fig. 2 
Type: A head-roof embedded in yellow limestone (No. 
14*83). 

The unique head-roof upon which this species is founded 
is preserved in visceral aspect. Around the margins of the 
head, the bone has broken away, exposing an impression of 
the ornamentation. The lateral margins unfortunately are 
imperfect, and the restored outline of the head, found in big- 
z, is therefore only approximately correct. The head-roof 



T£xt Fic. i. Restored outline of hea^-rooL X 1. 

measures 67 mm^ m length;, and indicates a far larger species 
than any hitherto described. The rostral plate h firmly 
fused to the remainder of the head-roof^ which never the 
case in JnaHkrajpiSy and the postero-Iateral angles are not 
extended as in the latter genus. In general form the head- 
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roof agrees with Euryaspis except in lateral outline which 
may be due to faulty preservation. The head is gently 
vaulted. The rostral region is wide. The orbits are placed 
well forward. The sensory canals are not presented In this 
specimen, and all of the plates are solidly fused, with no 
outlines evident. The ornamentation consists of minute 
stellate tubercles closely arranged and evenly spaced. 

The comparatively great size of this head-roof nearly 
twice that of any other known specimen referable to ^iiry-* 
as phi to say nothing of the apparent difference in form, 
distinguishes Euryasph major from the other species of the 
genus. 

Genus Ptychasph u. gen. 

Small forms at present known only by the median dorsal 
plate. This is elongate, widest in the front part and some¬ 
what constricted In the middle. The superficial sculpture 
consists of coarse, rounded ridges, often broken up Into obtuse 
tubercles. These radiate towards the periphery of the plate 
■from the centre of ossification. 

Ptychasph arctatus n. sp. 

PL X, Fig. 2 

Type; A median dorsal plate In red limestone (No. 13374). 

The single plate upon which this species Is founded is 
entire and is preserved in counterpart. - The bone is exceed¬ 
ingly thin. The plate measures 46 mm. in length. Its 
greatest width is 31 mm. The anterior end is not emarglnate 
but terminates in a blunt median lobe, in this respect re¬ 
sembling Arctasph. The posterior end is gradually drawn 
out to a median point. The plate is gently arched from side 
to side and in a lesser degree from front to rear. The greatest 
vaulting is somewhat in advance of the middle of the plate. 
The widest portion of the plate is near the anterior end. The 
antero-lateral angles are rounded. In mid-length the lateral 
margins are concave, 

1 believe I can state with some certainty that there was 
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no longitudinal median keel on the visceral surface of the 
plate. Although that surface is not exposed, the test is so 
thin that a keel would be perceptible, if present. 

As described above, the ornamentation consists of rounded 
ridges and tubercles, greatly varying in size. These are not 
arranged concentrically, but radiate from a point in the 
median line of the plate which seems to have been the centre 
of ossification. This sculpture strikingly resembles that in 
some species of Hohnema. 

It is at once apparent that we have here an Acanthaspid 
differing quite radically from anything hitherto described. 
It is probable that further search would disclose other inter¬ 
esting forms, at present known only by material too frag¬ 
mentary for description. Evidently, the possibilities of 
Beartooth Butte as a storehouse of the most primitive verte¬ 
brates is by no means exhausted. 

Body scales among the Jrthrodira are very rare. They 
have hitherto been found only in the Acanthaspids, Pklyc- 
tanaspix, Lunaspis, and Those of Euryaspis 

brackycephaltts have already been described. On PI. VT, 
Fig. z I illustrate a detached scale, probably belonging to 
Euryaspis cristatus. It is distinguished by a median spine. 

Among the fossils collected last summer (193^4) were a 
number of Eurypterids. These were placed in the hands of 
Dr. Rudolf Ruedemann for study and he has kindly furnished 
a description of them, which is appended to this paper. 
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APPENDIX 


THE EURYPTERIDS OF BEARTOOTH BUTTE, WYOMING 
RUDOLF RUEDEBCANN 

Last year the writer published a short note on the 
Eurypterids of Beartooth Butte, Wyoming, that was appended 
to William L, Bryant’s Pam II and III of the " Fish Fauna of 
Beartooth Butte,” published in the Proceedings of the jtmerican 
Philosophical Society, VoL LXXIII, No, 3, 1934, pp, j ay-162. 

The material described in the first note consisted of an 
incomplete ventral side of a cephalothorax and abdomen, a 
posterior margin of a telson and a fragmentary coial joint 
of a swimming leg. All of these were referred to a new species 
of Pterygotus which was described as Pterygotus princetonii 
(op. cit., pp. i63-[6y). 

The Princeton expedition of 1934 obtained a somewhat 
larger collection. The largest of the specimens proves to 
be the counterpart of the one of the first collection showing 
the ventral side. Others show the upper side of the carapace 
with the eyes and fragments of the swimming leg of the same 
species, A third group consists of the body of a new species of 
Eurypterus, with counterpart. Besides, Air. Bryant also 
recognized (letter of Sept. 21, 1934) as a rather poorly pre^ 
serv^ed, much wrinkled segment of a large Eurypterid, a 
specimen which before (Pt. II, p. 151) had been noted as the 
integument of most of the trunk of an unknown fish and 
illustrated as such on PL XXI. The scales indicate it to be a 
piece of a segment of a large Pterygotus. 

StrobiloptertiS n. gen, 

(Etymology: strobilos pine-cone, pteron wing) 

The Eurypterid, Pterygotus princetoniif was referred by the 
writer to the genus Pterygctus mainly because of the form of 
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the lelson associated with it, the form of the swimmiDg leg as 
far as then known, and the sculpture of the segments, con¬ 
sisting of flat crescent scales^ It was then recognized that the 
form, while in its general outline a PterygotvSt had a rather 
broad bodjr and relatively large swimming legs* 

The new material, on one hand, has brought out more 
distinct Ptfrygotvs features and, on the other, also definite 
divergent characters which require its recognition as a new 

genus. / \ -T-L 

The characters that agree with Ptfrygotus are: (i) Ihe 

general outline, (2) the form of the telson, (3) the position and 
shape of the lateral eyes, (4) the facets of the lateral eyes, (5) 
the form of the mciastoma, and (6) the sculpture of the 

segments. 

The differing characters are: (i) The outline of the 
carapace, (2) the segmentation of the swimming leg, (3) the 
form of the opercular appendage* 

The following characters of critical Importance are as yet 
unknown, (i) the form and size of the chelicerae, (z) the form 
of the walking legs, (3) the last post abdominal segment. 

The genus may therefore be defined as follows: Outline of 
body generally as in Plerygotus (Lf. anglicuj) and ending in a 
broad, obovate telson; lateral eyes marginal, situated in the 
antero-lateral comers, provided with facets; metastoma 
elongate-cordate; sculpture of carapace consisting of fine 
round tubercles, that of the segments, of flat crescentic to 
linear scales. 

The characters in which it differs from Pterygoius are the 
round, semi-elliptic outline and relative shortness of the 
carapace, resembling that of Euryptfrus; the segmentation of 
the swimming leg, which is very unusual and agrees with that 
of the genus DolichopUrus, and the ovipositor which is very 
unlike that of Piirrygetus and possesses a character of its own, 
different from that of other genera. The swimming leg is not 
only much broader than that of Pterygotu^, but also the 
seventh segment is divided into trvo segments by a transversal 
suture, thus producing a nine-segmented swimming leg as in 
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Doiichopterus (see Mem. ii, PL 41),^ but these segments are 
also separated into auxiliary lobes again, as in Dolichopttrus 
(see Text Figs- 5-5). The opercular appendage is charac¬ 
terized by its great length in distinction to the short organ 
seen in Furygotu^s (see op. cit. Pi. 68), but again comparable 
to that of Doiichopterus, though of different composition, its 
principal distinction being the two long semi-cylindric sheets, 
opening along the ventral median line. N 0 such structure has 
been seen in other Eurypterids. 

The following characters are still unknown and leave the 
relationships of the genus somewhat uncertain: The chelicerae, 
whether enormously developed as in Pterygotus or minute 
organs as in the other genera; the form of the walking legs 
which in Pterygotas are slender and relatively short and of 
heavier build in most other genera as in Eurypterus; and the 
form of the last postabdominal segment which in Pterygotus is 
broadened in transition to the telson plate. 

The chelkerae and the walking legs have been added to 
the restorations. Text Figs, 6 and 7, from Pterygotus, Their 
form is however conjectural. 

Since the genus, as here conceived, is different from both 
Pterygotus and Doiichopterus, but combines certain characters 
of both of them, it is necessarj* to distinguish this new type by 
a separate name. The name Slrobiiopterus (from the shape of 
the swimming legs, w'hich suggest the scales of pine-cones) is 
therefore here proposed. 

Strobilopierus princetonii Ruedemann 
Plates I-IIl; Text Figs. i-3 

Pterygotus princetonii Ruedemann. Proc- Amer. Phil, 
Soc., Vol. LXXllI, No, 3,1934, P, 163, Pis. I-III, Text Figs. 
1-3. 

Hoiotype; No, 13743 Princeton Unii^ersity Paleontological 
Museum. Counterpart of hoiotype: No. 13743A ibidem, 
Plesioiypes, Nos. 13853, 13853A, 13E55. 

^ ClArkCf J+ M. and Rucdemunn, Rudolf, “The Eun-pterida of New York ” 
Memoir [ 4 . New York State MuMUm. 1^J3- 
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The counierpart of the holotype and the additional 
plesiotj’pes or hypotypes here figured, permit a more correct 
description of the swimming leg and opercular appendage and 
show the location and form of the lateral eyes, the median 
eyes and the metastoma. 



Text Fic. i, pnnmQnii Ruedcmanci. OutllTse of Pi, I, sbowip^f on 

riaht, !tft AWTifuning kg wStt segments Si 6^ % S; on hftj 5?gniEi?tH a* 3 * 4 ^ 
portion of S and sq^itvcnt 9 wiii palkuc (p) of riglit awimcnbg kg. 

Kf » mctfistoma. S » pOflif Hor ffliRrgiiiS of tiOCOac. 0^ A. « OpcrtoUr Ap¬ 
pendage. X l- 

The lateral eyes are submarglnal, located in the antero¬ 
lateral corners, or about half way between the frontal and 
posterior margins. They are elliptic in outline, prominent, 
more than one-fourth the length of the carapace and lacking 
an elevated inner eye-lid. The facets are fairly large, 
numbering three in l mm. The median eyes are placed near 
the connecting middle line of the lateral eyes. 
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TsXT TlCu 2. S^rohiloptff1is pfiHtdonit Runlcminfl- DuUm^ of PI* Ilj^ Fig- 1^ 
thawing UtertI eye* (Le*) with fsctti on 3efi X i- 



Text Fig. j. Stf^bitopUnLi prinittanii Rizt^^emaan. QuiJiivc at P], JI^ Fig. i. 

Segmmti 7, 8* 8ii of jwimming leg. X l. 

The metastoma [s elongate cordate in outline; its greatest 
width which is about the middle, is approximately one-third 
the length, but probably was originally somewhat greater aa 
the plate is laterally compressed to some extent. 
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Opercular appendage. The type specimen, described in 
1934, retained only a short fragment of the middle of the 
opercular appendage, which led to a wrong restoration (see 
ibid. Fig. 2). Besides this, a semi-circular node at the 
posterior margin of the third sternite is shown, which is of 
unknown function. The counterpart of the holotype, here 
reproduced in PI. I, is much better preserved and among others 



Titrr Fig. 4. Faxtian of csuntcrpart. X i. 



TfXt FiC- S- Sirahila^rruj prijtffiQJtii RuedcniAiin. Dlagfjim &f swimmSn^ save 
the cdial Joints M4Q from bdaw. X tr 
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retains the entire opercular appendage save the basal plates. 
This proves to be of the larger type which has been currently 
identified as the ovipositor of the female, but is termed 
appendage of type A by Stormer * as doubt has arisen as to 
the true function of this organ. The base is represented by 



Tkt Frc. Stfeiilofilefut prinfOovi Ru4denuaa. RHMration of dorul aide. 

two divergent sutures, beyond which two triangular basal 
plates may have been present. The appendage consists of 
two narrow paired sheaths, that widen slightly at the distal 
end and terminate bluntly. They leave open between them a 
fairly wide slit, extending their whole length. They seem to 
have been continuous on the inner side. The tube is flanked 

^ StSimcr* “McrtJstoniattt iVom Ujc Dowi]tiKiian Ssndswn* of 
Xorwjiy**' Striftcr Utgilt iV Del Noreke Vidcnsk^p^nrAk^dcnil i Olbp I. 

Xaturvid. KUtscp 1933- No. iq^ P. 44. 
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on both sides of the proximal half by concave distally tapering 
narrow wings or flanges. 

This opercular appendage, while in outline similar to that 
of type A of Pttrygotus (see Stormer, Fig. 19), lacks the trans- 
\xrse middle suture and possesses the median slit, there only 



Q 

Teatt Fib. 7. StrtAUoprritt priiKttQini Ru«detnaafl. Rfsioratioa of Tsntril iid«. 


suggested by a suture. It is comparable in structure to the 
opercular appendages of IlughmiUtria nortegica Kiaer (see 
Stormer, Fig. 30), and of Mixopterus Kiaari (see ibid. Fig. 38) 
both of which show a median suture partly open. 

Stoimming Ug ,—The most striking organ of this Eu rypterid 
is the swimming leg. It is of larger size than in the congeners 
and as its extension, by accessory lobes indicates, was quite 
probably of great importance. The coxa is known only from 














CRYPTASPfS FROM BEARTOOTH BUTTE 137 


its posterior margin, Judging fron:t this it was not of the 
great relative size as in Purygotus buffalo^nsis and other 
species where it extended to the lateral margin of the carapace. 
The second and third segments are subannular and short, as 
in the congeners; the fourth, however, is prolonged into a 
tubular organ of about twice the length of the preceding 
segments. It has this character in common with Doiichopterust 
The fifth and sixth segments also differ from those of Pterygotus 
and other Eurj’pterids by their peculiar distal overlapping 


Tekt Fjg. fl. SuobUoptrrm pfinc^nii Ruedccnatm. Ouilide ai Fi^. of PL lit. X 

lobed extensions, provided with dentate margins. The 
undivided seventh segment of Pttrygotas and of the majority 
of the Eurypterids is here divided by a transverse suture into 
two segments, as in DoUckopttfus^ each bearing an auxiliary 
lobe (7a and Sa of Text Fig, 5) on the inner side. All these 
lobes bear sharp spines on the outer margin. The seventh 
and eighth segments constitute the principal oar-plate of the 
swimming leg. Finally, the ninth segment, which corresponds 
to the oar-plate (eighth segment) of EitrypUruSf Eusarcus, and 
Pterygotus, is reduced in Strohiiopterus to a small plate but one- 
fourth the size of the preceding one. It bears a small, oval 
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pallette which is lacking in the similar swimming leg of 
Dolichopt^ms. 

The sculpture of the carapace consists of small but 
prominent tubercles on the carapace and first lergites; it 
changes posteriorly into crescent and hnally linear scales. 

The position of the tergite, originally referred to the fishes 
by Bryant and here reproduced in Text Fig. 8, may represent 
either a different species of Pterygotuj or belong to a much 
larger specimen of Strobilopittus pTincitonii than is indicated 
by the other remains. The sculpture of the lergile which 
shows a tendency to change from crescent to linear scales is 
well comparable to that of StrohiloptertiS princetonii, and the 
fossil may be considered as indicating a size at least three 
times that of the holotype, a view that is supported by the 
large coxa and posterior margin of the telson plate figured in 
the first article. It is, therefore probable that this form 
reached a length of three feet and more, 

Euryfterus latus nov. 

PI. lVjTe.\t Figs. 9-12 

Description; Body of small size, broadly ovate-lanceolate 
in form, about three times as long as wide, relatively wide in 



T ft t Fie. 9. Eittyptfnts /omr aov. Outline PI. IV, Fig. i, Hgk)typ«. X 1. 
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Tfistt Fic- [o- Emryptiras IjUus, QuiEmt of PI. [V, Fig;. 2, to ^how moft dtfltincdy 
dio and iwlminieig leg. X ir 



Tekt Fig. tu Enryfffrm latuj nov. CtmerA dr^i^ing of wallclng leg of fiolotypc. 

XS. 

front and broadest at one-fourth of its length, but little 
convex. 

Cephaiothorax is relatively small, the carapace occupying 
but one-fifth of the length of the body. The latter is ap¬ 
proximately semicircular in outline, its length about half its 
width, its lateral margins forming a continuously rounded 
curve with the anterior mai^in, that shows but a faint 
suggestion of an antero-lateral angle. The posterior margin 
is broadly concave, the post-lateral angle sub rectangular. 
There are traces of a narrow flat marginal rim. The com¬ 
pound e3'es are small, kidney-shaped and prominent, situated 
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In the middle, as far apart as they are distant from the lateral 
margin. OcelH are small and situated on a line connecting the 
frontal margins of the lateral eyes. 

The preahdoiTiin is wider than long, its proportions as 
7:5; it is widest at the second tergitc, contracting rapidly 


Text 11. EutyfUtus nov* Caenjera drAwin^ of Ewimming lej ai holatj^pc, 

X 3 . 

to the sixth tergite whicrh is only 3/5 the greatest width. 
The tergites are narrow and band-iike^ from seven to three 
times as wide as long^^ and slightly arched forward. The 
last three bear blunt triangular post-lateral lobes. 

The first two posiabdominal segments are broader than 
long, but rapidly contracting to 2/7 the maximal width of 
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the body at the third segment; the third to sixth segmetiU 
are longer than wide and narrowing to a final width of but 
1/7 the maximal width. Only a part of the telson spine, 
which is bent downward^ is visible^ indicating that it was 
relatively short and blunt. 

Sculpture *—The carapace, tergites and postabdominal 
segments are provided with a surface sculpture of fine 
tubercles. 

Measurements,—Tot^l length is 86,5 + mm;greatest width 
34 mm., basal width of carapace JJ mm,, length 17 mm.; 
length of lateral eyes 35 mm.; length of tergite 5 mm.; width 
of last tergite ai mm.; width of last postabdominal segment 
5 mm. 

Jppendages* —Of the appendages only a thin walking leg, 
probably the third, projecting 11 mm. beyond the carapace 
and showing four segments mth finely dentate distal margins 
is shown {see Text Fig. ii). Also the last three segments 
of a broad, short swimming leg are seen, projecting 17 mtn. 
and II mm. wide and furnished with distinct teeth at the 
outer margin. Ko terminal pallette is present. 

Remarks *—Compared with other species of Eurypterus^ 
this form distinctly differs in its broad form, notably the 
broad carapace and preabdomen and the sharply set-off 
narrow postabdomen, short telson spine and short, broad, 
swimming legs, its outline recalls that of the Silurian E, 
ranilarva Clarke and Reudemann, from the Kokomo lime¬ 
stone, but It is still more contracted in the postabdominal 
region. 
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Si^Miopitriu prinfttQnii Ri^crdeniAnnn 
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SECOND COMTRIBTJTION TO THE OSTEOLOGY AND 
AFFINITIES OF THE PALEOGENE 
AMBLYPOD TITANOIDES 

BRYAN PATTERSON 

During the summer of 1933 the Field Museum continued 
the programme of field work in western Colorado which was 
begun in 1932. A party consisting of Mr- James H, Quinn, 
Mr. Clayton A. Quinn and myself spent some three months in 
the vicinity of Plateau V'alley and De Bcquc in Mesa County, 
and Rifle in Garfield County. During this time an cjcccllent 
series of TUsnoides was obtained, including three nearly 
complete skeletons which were found mingled together in a 
single spot. In addition, a few small Paleocenc and some 
lower Eocene mammals were collected* The Paleocene speci¬ 
mens indicate either Clark Fork or Tiffany age for the ? . 
faberi horizon. Since the Titannidts material is not yet 
completely prepared, the present communication is confined 
to a preliminary description of such parts of the skeleton as 
were missing or poorly represented in the 1932 collection. 

I wish to express sincere thanks to my associates on the 
expedition, and to Mr. Edwin B. Faber and Mr. H. L. 
Wohlfort of Grand Junction, Mr, J, Elvin Harris and Mr. 
Douglas Harris of Mesa, and Mr. Charles Deardorf of Silt, 
for the many kindnesses they showed to the party. Mr, Jack 
Stoner of De Beque discovered and kindly directed me to the 
place at which the three Tit&noides skeletons W'erc collected.. 
The preparation of the collection has been skilfully executed 
by Mr. James H. Quinn. The drawings are the work of Mr. 
Carl F. Gronemann, Staff Artist, Field Museum. 

Order Amdlyfopa Cope 
Family Pantolambdids Cope 
Subfamily Titanoidinse Patterson 
Genus Tit amides G id ley 1917 
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The following characters may be added to the generic 
diagnoses that have been given in previous publications: 
Premaiillaries greatly Teducedj ascending rami not reaching 
nasals^ ‘ caudal vertebr* with chevrons; centrale relatively 
very large. 

Titaiioidis faberi Patterson 1933 

T,Jaberi Patterson 1933, Avier, Jout. Sa,f (5), 25, 417; 
1934, this journal, 73, 71. 

Horizon: Upper Paleoccne. 

The following description has been taken mainly from the 
three articulated skeletons; these bear the Field Museum 
numbers P14944, Pi 4945, and P14946. 

The specimens show a certain amount of variation, but at 
the present time I am not prepared to regard this as anything 
more than individual. I hope to deal with this question more 
fully at another time. 

Dfntition. —^The dental formula is Cy, P:|, M|. 

The only portions of the permanent dentition as yet 
undcscribed are the upper incisors, canine, and P^'^, The 
incisors increase in size from to 3 .. The first pair, when 
present, are very small, circular in outline, bear lateral ridges, 
and have a very weak, discontinuous internal cingulum. 
They are lacking on P14944, * which indicates that they 
are vestigial teeth that rvould have been eliminated if the 
titanoidine phylum had survived for a longer time. The 
second have stronger lateral ridges, on one specimen they 
almost form cusps, and the apices arc slightly inclined 
laterally. The third incisors are very large, conical, and with 
moderately developed lateral ridges. The canine is about 
one third larger than and is very similar to it in struct¬ 
ure. 

Prcmolars show a steady increase in size posteriorly 
and are very similar in structure to those of Pantolambiia. 
They are simple, bicrescentic teeth with the higher external 

^ In SQ eadser piper (Fntlerspn^ 193:4, P’ 7 ?) it erroneouftlsr Atitcd chat the 
aBceodln^ rami were in eontatt wilt the 
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crescent composed of the parametacone * and the parastylc 
and metastyje crests; the Internal crescent consists of the 
protocone and the anterior and posterior cingula. On 
the metastyles and metastyle crests exceed the para- 
style and parastyle crests in size and length; on the two 
are approximately equal. On there is an incipient 

litesostyle above the parametacone. 

The rest of the dentition has been described previously, 
but some notes may be added here. The curvature of the 
posterior face of the upper molars is variable. In the im¬ 
mature specimen previously figured (Patterson, 1934;^ fig- r)j 
the transverse axis of Is in transverse alignment; in adult 
specimens this axis is in postcro-internal alignment. The 
cuspules in the talonid basins of the lower premolars and 
molars are variable in development^ on some teeth they are 
not developed at all. The value of this feature as a specific 
character for T^/aberi is accordingly diminished. 

Skull (Fig. i).—'The skull is small in comparison with the 
size of the skeleton and is remarkable for the extreme short¬ 
ness of the facial regionj a feature which is directly due to the 
reduction of the premaxillaries. These bones project but 
little in advance of the canines^ are very loosely attached to 
the maxillaries, and do not meet in a median suture, but arc 
merely in contact. The face is considerably deeper than 
that of the skull of Pantolambda bathmodon figured by Osborn 
([898, p- iSij fig* 8)* The nasals extend posteriorly above 
the orbits, being greatly expanded transversely at this point. 
The infraorbital foramen is very large, as in Pantolambda^ 
The pars facialis of the lachrymal is rectangular and the 
tubercle is prominent; the foramen is situated within the 
orbit. The orbit is relatively very small; there are strong 
temporal ridges which terminate in very stout postorbital 
processes. The anterior root of the strong, fairly deep zygo¬ 
matic arch IS in the primitive position above M^"^. The 

* For cif^Erriptivc the iiEne ftameacblupf ij UKd for cii^pi occupying tJic 

iopo^dphic po^itian on the piemoUn Aod irwIarAn It b rrcqgtiized^ 

(Gregorj'i 19J4) tmspa qray have had diffcncnl dcviclDptiifntal histones m the 
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cranial region is broad and v'ery low, somewhat lower, even, 
than that of the skull of P. hathmcdon already alluded to. 
There is a well developed sagittal crest. The auditory 
channel is very wide. The occiput is low and rounded and 
the condyles project strongly in the posterior direction. The 
side walls of the posterior nares are extremely long, extending 
posteriorly almost to the basioccipital-basisphcnoid suture. 
The basisphenoid bears a median ridge which seems to be 
continuous anteriorly with the vomer. The latter bone 
apparently meets the palatines at the posterior narial opening 
and thus divides the choana. The periotics are widely ex- 
posed and send forward curious heavy processes, which extend 
anteriorly and ventrally on the Internal sides of the post- 
glenoid processes. 

Increased knowledge of the skull of T’itaitoxdis lias revealed 
certain differences from the skull of Pantoio-tRbda, but the 
fundamental similarity of the two genera in cranial structure 
is even more firmly established. 

Mandible (Fig. i). — The new material permits the cor¬ 
rection of an error in the previous description {Patterson, 
1934, p. 80), in which the posterior border of the ramus was 
represented as being vertical and the angle as extending 
downwards and slightly backwards. Acutally the angle is 
extremely well developed and projects posteriorly beyond the 
condyle.* There is a certain amount of variation between 
the specimens in the shape and slope of the coronoid process, 
but this Is regarded as individual and not specific; the varia¬ 
tion shown does not exceed that observed in a series of gua- 
nacos, Lama guanicte, from the Province of Santa Cruz, 
Argentina. 

There are seven cervicals, almost certainly 
fifteen dorsals, five lumbars, three sacrals (the third being a 
pscudosacral), and twenty-one caudals, The neck is very 
short and the cervical vertebrse, in keeping with the size of 
the head, are small in comparison with the size of the rest of 

^ [fl the previously figured inajidible the were n'e^thcred off before or after 
buriAl, but the- were eo evenly beveled that the auifacc appeared to be n naturaJ 
bonderr 
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the skeleton. The dorsals and lumbars have short spines and, 
as stated previously, increase In size posteriorly. The sacraU 
(Fig. 4) are very large; the spines of the first and second are 
completely united on P[4944 and partially so on P149451 
the third (the pseudosacral) is partially free on P14944 
entirely free on P14945. metapophyses of the second 

sacral and of the pseudosacral project freely. The co- 
osslfied transverse processes and ribs of the true sacrals are 


Text P’ic. i. Ttfanoi^ti Stull ind maadiblcs, dde view, P14944- X K 

enormously expanded and are functionally a part of the ilium 
(sec p. 153). The tail is perhaps the most remarkable feature 
of this peculiar animal: it is very long, exiraordlrtarily massive, 
and tapers rather rapidly towards the end. The spines of 
the anterior caudals are very high and the transverse pro¬ 
cesses wide. The neural arches are complete down to and 
including the eleventh caudal. Chevrons are attached to all 
vertebrae except the last four and possibly the first, and are 
extremely large anteriorly; including the chevron, the total 
depth of the third caudal of Pi 4944 is about 27*^ mm. or 
nearly eleven inches. The possession of chrevrons by Tita- 
noidts constitutes a conspicuous and important distinction 
from Fantoiambda. 
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The presence of chi'iclfs, tentatively indicated In the 
previous paper, is now conclusively proved. The flat ex¬ 
panded end of this bone (Patterson, 1934, p. 3 i) probably 
had a liganientary attachment to the acromion process. .An 
undescribed specimen of Pantolumbcia in the .American Ain- 
seum (.A.AL no. 16663) ' has a portion of the clavicle attached 
to the scapula, a fact hitherto unrecorded. The scapulae 
of the same specimen are Incomplete, but the parts preserved 
show similarities to Titanoidfj, In Osborn’s figure (1898, 
fig, 9, p. 183) the scapula of Pantohmbda is incorrectly 
restored after that of Coryphoden, 

The humerus and radius have already been briefly de¬ 
scribed. The ulna (Fig. 2) Is a stout bone, narrow transversely 
and ver^' deep antero-posteriorly. In outline and proportions 
It is similar to that of Pantolambda. The a.xis of the olecranon 
is continuous with that of the shaft and is not inclined pos¬ 
teriorly, in contrast to that of CorypkodoTi. The semilunar 
(great sigmoidal) notch is very similar in shape to that of 
Coryphoden, but is not as convex transversely. The mesial 
surface of the shaft is gently convex, the lateral ® bears a wide 
shallow groove bounded posteriorly by a ridge from which 
the extensor lateralis digitorum probably originated. The 
region about the distal epiphysis is thickened and rugose; 
the osseous articulation with the radius is small. The facets 
for the cuneiform and pisiform are continuous, the former Is 
plane and the latter convex. 

The articulations between the humerus, radius, ulna, and 
manus indicate that in a normal standing pose the elbow was 
thrust out from the body, 

Manus (Fig. 3).—The distal row of carpals, the meta- 
carpals, and the phalanges of digits 11 -IV have already been 
briefly described. The material now in hand includes several 
fore feet, of which the figured specimen is the most complete, 
and provides an adequate conception of the entire structure, 

^ I am indebted dp Dr. Walter and Dr. George Gaylord Simpwn for the 

privilege of euifiining aod comraenDiug upon liiSf ftpeeimen. 

* iuf. lateral and medial in retaiion to the acGtillimar noEidi. Wben the limb is 
articuliLed the lateral And m»ia| lidei face alriKMt anieriorly and posteriorly^ 
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The pisiform is a large, irregularly shaped nodule of bone, 
nearly circular in both the transverse and vertical sections. 
The cuneiform facet is circular, plane, and faces anteriorly, 



Text Fic. 2. Tlian^id^j /dfvTi. Rjifli t radigii and ulna, X 

the articulation for the radius is narrow, transverse, concave, 
and faces dorsalJy. The facets are not contiguous. The 
radial facet is the most dorsal point of the bone and there is 
no indication of 3 hooMike process that might extend pos¬ 
teriorly. The pisiform of TitanoidfS is therefore very different 
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frorn tKsit of Cotyphodou^ wliicli hss such h process well 
developed. The cuneiform is a Urge bone, irregularly oblong 
in general outline. The articulation for the unciform is 
extensive and gently convex. The radial and pisiform facets 
are well separated, nearly circular, and plane^ the,radial is 
the larger of the two. The pisiform facet faces rather more 


Tect Fic. j, Tiuttioidfi fobfri. Right mAnv«, X Tht irapwium Is 

cmsheil veiticiily', if uDdifuiried it wwld be In contact wiili the scaphoid. 

posteriorly than dorsally, the radial more dorsally than pos^ 
terlorly. No evidence of an articulation between the cunei- 
fornt and Me has been found. The lunar is deeper and 
more wedge shaped than that of Corypkodon; the shape, 
'which is similar to that of Pantolambda, is due to the presence 
of a separate centrale which prevented expansion toward the 
radial side. The facet for the cuneiform is relatively small 
and confined to the distal portion of the ulnar face of the bone, 
the lunar articulation is large, while the facets for the magnum 
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and the cetitrale are approximately equal in area. The sca¬ 
phoid is large and irregularly oval in outline. It articulates 
with the centrale, trapezoid, and trapezium, but apparently 
not with the lunar. In the figured specimen the proximal 
end of the trapezium is crushed down so that it does not come 
into contact with the scaphoid; this defect has not been cor¬ 
rected in the drawing. The large centrale, which is approxi¬ 
mately equal in size to the trapezoid, is the most striking 
feature of the carpus. The anterior half of the bone is quad¬ 
rangular, the posterior half is narrow transversely, deep 
dorso-vcntrally, and has an arched dorsal surface. The 
facets for the lunar, scaphoid, magnum and trapezoid are all 
large. On the anterior face the transverse diameter is the 
larger; although there is no contact with Me II, the depth of 
the centrale is sufficient to prevent direct articulation between 
the magnum and the trapezoid. The unguals of digits I and 
are relatively small and are not fissured. 

The manus as a whole Is similar in its breadth, massive¬ 
ness, and proportions to that of CaryphodoUt a resemblance 
in part due to the independent acquisition of size and weight 
in the Cotyphodontldsa and Titanoldinae. The large, fissured 
unguals of digits II to lY are exceptions to this general 
statement and are distinctive characters of the genus. In 
the structure of the carpus there is a closer resemblance to 
the primitive Pa.ntoiambd& than to Corypkodon, due chiefly 
to the separate centrale. The relatively larger magnum and 
smaller trapezoid are advances from the Paniolambda type 
and may be regarded as adaptations to meet increasing 
weight. Despite its several modifications, however, the 
manus is similar to that of Panlolambda in all important 
points of structure and was undoubtedly derived from a form 
in a similar stage of evolution to the Torrejon genus. 

The cuneiform-unci form-lunar and the scaphoid-lrape- 
zoid-trapezium articulations of Ccryphodon are similar to 
those of Pantolumbda and Titanoidfs. The major differences 
in carpal structure between TuanoidfS and Coryphodon are 
caused by the retention of a separate centrale by the former. 
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It seems probiibte that the early members of the ccryphodont 
phylum possessed a foot of the pantolambdtd type with a 
separate centrale. This bone, important in the titanoidine 
phylum, was eliminated in the coryphodontid phylum and its 
place filled by the surrounding bones with the result that in 
the graviportal Coryphodon the lunar is flattened and the 
magnum and scaphoid are truncate. This view of the origin 
and evolution of the manus of Coryphodon from a panto- 
lambdid type, w'hile frankly theoretical, is in accord with the 
evidence of the dentition and receives strong support from 
the tarsus of Ttiftnoid^s (p. 159). 

Fore-limb Ratios . — In the preceding paper (Patterson, 
1934, p. 93) the ratios of the specimens collected in 193a were 
given. In the table of measurements the maximum lengths 
of the limb bones were taken. Professor Gregory, ho%vever, 
has kindly informed me that the lengths given by Professor 
Osborn and himself in Chapter IX of the titanothere mono¬ 
graph were measured “between articular facets as nearly as 
practicable at right angles to the general axes of the shaft,” * 
Ratios based on measurements taken from such points neces¬ 
sarily differ from those based on total lengths. In view of 
this, the fore-limb of Pi4902, collected in 1932, was re¬ 
measured, The results are given in the accompanying table, 
together with the measurements and ratios of P14945, col¬ 
lected in 1933. 



flunicnji 

R&dluft 

EUtlq 

Mi in 

hunumi rado 

Pi490J . 

m 

3+1 

69 

103 


Pi49« . 

408 

291 

71 

94 



Making due allowance for distortion, inevitable in material 
from such an early horizon, the two individuals may be said 
to have almost identical ratios, despite the disparity in size 
between them. The radio-humeral ratio is as advanced as 
that of Umtaikerium; the metacarpo-humeral ratio is more 

* Lcltcr of October 35', 15 J 4 = 
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primitive, being intermediate between the ratios of Pant(^- 
latnbdft and Coryphodon. T'ft&noides is certainly a graviportal 
form, but in the fore-limb structure it is not a typical recti- 
grade according to the definition of Gaudiy’s term given by 
Osborn (1929, p- 734 )* The genus agrees with this definition 
in having short, wide feet and short phalanges. The fore- 
limb, however, is not straight or post-like but angulate, a 
feature evidently retained from earlier, ambulatory panto- 
lambdids. 

PflviS (Fig. 4a and b).—-The specimens collected in 1932 
revealed that Titanoidts was a graviportal form, and a large, 
broad pelvis was therefore to be expected. Even so, the 
great size of the first pelvis uncovered in the field in 1933 
came as a surprise to the excavators. The specimen shown 


Tisxr Fic. faifri. Pcivli and sacrum, dorsal view. Pi4944, X 

in Fig, 4a measures approximately 890 mm., or 35 inches, 
across the ilia. 

The ilium is ver>' short antero-posterioriy and wide trans¬ 
versely, as in other heavy-bodied animals. The supra-lliac 
border, or crest, is very broad, gently arched, convex through- 
. out its length, and very rugose; it meets the lateral border at 
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an acute angle. There is no trace of a crista iliaca. There 
is no tuber sacrale, the place of this structure, which is well 
developed in graviportal artiodactyls and perissodactyls, 
being taken by a low, rugose ridge which forms the mesial 
boundary of the gluteal surface. This ridge, to which the 
transverse process of the pseudosacral is attached, extends 
posteriorly into a blunt, flattened process. The ridge, and 
also a crescent shaped portion of the gluteal surface is formed 
by the greatly expanded transverse processes and ribs of the 
true sacral vertebrae. The gluteal surface is therefore com¬ 
posed of two elements—the ilium and the sacrum, a rather 
unusual condition. The structure of this region is parti¬ 
cularly well shown in P14945, a young adult individual (Fig. 
4b). Cope and Osborn give no hint of such a development 



Text FiC- 4^- fitaTtaidri Pelvi* and tacrum, latcfnl view. Pi 4^5* 

The Butuie between tluc HCfum J tid the I Rum It elejiriy showrii The epiphjr-Brt of the 
ilium Mid iBcbium ire 

in either Corypkodon or Pantolambda^ The figures and de¬ 
scription given by Marsh in hi$ monograph on the Dinocerata 
clearly show that there Is no comparable development in the 
nintatheres* The iliac peduncle is extremely short and very 
broad. The presence of a rugose, plate -1 Ike process extending 
out in a right angle from the antero-internal corner of the 
ilium IS a striking feature. This plate^ which seems to be in 
part an outgrowth of the ventral surface and in part epi'- 
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physialj does not affect the dorsal contour of the supra-iliac 
crest. Since there is no comparable development in existing 
mammals the function of the process is somewhat obscure. 
It seems likely^ however^ that the lateral side provided 
attachment for the origin of the tensor fascia femoris. The 
anterior side probably provided attachment for parts of the 
origins of the obliquus abdominis exiernus and intcrnus. The 
mesiai border of the gluteal surface is separated from the 
sacral spines by a considerable space. The enormous size of 
the tail clearly indicates that this space was occupied by the 
very large extensor caudse medialis and {ateralls and the ab¬ 
ductor caud^e^ The projecting metapophyses of the sacral 
vertebrae furnished additional points of origin for these 
muscles. 

The acetabulum is nearly circular, deep, and has pro¬ 
jecting borders. The ligamentous sulcus is very small and 
narrow^ but considerable depth is imparted to it in its pos¬ 
terior portion by the projecting acetabular borders of the 
ischium and pubis. 

The ischium is relatively long. The supraobturator bar 
is fairiy deep dorso-ventrally, but narrow transversely; it is 
flat mesially and gently convex laterally. There is no dis¬ 
tinct ischial tuberosity, but a low rugose area extends from 
the supraobturator bar to the pubic symphysis. 

The pubis is fairly broad, the symphysis is long, and the 
preobturator bar ova! in cross section. The obturator 
(thyroid) foramen is large and oval. The pelvic aperture Is 
wide and shallow. 

Cope (1884^ pK fig. 7) has figured an incomplete ilium 
of which, although much narrower than that of 

Titanoid^Sf indicates approximately the structure and pro¬ 
portions of the ancestral titanoidine ilium. The Titanoidinae 
evidently passed directly from ambulatory to graviportal 
locomotion, which accounts for the lack of the tuber coxae and 
the crista iliaca, structures that may be regarded as pri¬ 
marily cursorial adaptations. Development of a tuber sac- 
rale may have been inhibited by the large size of the dorsal 
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caudal muscles. In comparison with the pelvis of Coryphodon 
lobatus (Osborn, 1898, fig, 24, p. 206), the pelvis of Titanoid^s 
has wider and narrower ilia, and longer ischia, pubes and 
pubic symphysis. 



Text Fic, TitAn^ides fabtri. Right lemur, P1+944. 

Femur (Fig. 5),—The femur is long in comparison with the 
tibia; the shaft is wide, flat posteriorly and rounded anteriorly. 
There is no pit for the ligamentum teres in the head. The 
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great trochanter is very massive and rugose and is somewhat 
lower than the hcad> The second and third trochanters are 
large; the third is situated about half-way down the shaft. 
The rotular surface Is very slightly concave, roughly triangular 
in outline and continuous distally with the large condyles. 
The width of the shaft and its flatness posteriorly, the low 
great trochanter, the large third trochanter and the length of 
the bone compared with that of the tibia are all gravjportal 
characters. The differences from the femur of Pantoiamhda 
(Osborn, [898, fig, 11), such as the straighter shaft, larger 
and lower great and third trochanters, arc due to the acquisi¬ 
tion of weight by Tit€tno\des. In comparison with Cory- 
phodon (Cope, 1884, pi. 44b, fig. 4, pi. 44g, fig. 2), Titanoides 
has a stouter femur with larger trochanters. 

The tibia and fibula have been described previously. 

The pes (Fig. 6). — ^The astragalus, calcaneum, navicular 
and cuboid have already been figured and briefly described. 
These bones were from a young individual and were badly 
weathered and somewhat distorted. It has seemed advisable, 
therefore, to gri-e new descriptions based on the very complete 
and well preserved adult material found in 1933. 

The astragalus is large and heavy, deeper at the distal 
eitrcmity than at the proximal. The facet for the fibula 
is roughly triangular in outline, gently convex proximo- 
distally and slightly concave dorso-ventrally. The mesio- 
distal corner of the bone extends out in a well defined process, 
thus causing the facet for the internal malleolus to assume 
nearly the outline of a right angle. The dorsal facet for the 
tibia is large and gently concave in the transverse diameter; 
the lateral portion is slightly higher than the mesial. A 
narrow, shallow groove of considerable transverse extent 
separates the tibial from the navicular facet. This remnant 
of the neck is almost as reduced as that of Coryphodon and is 
much narrower and wider than that of Pantolambda (Osborn, 
[898, figs. 6, 10, 12, 13). The facet for the navicular is very 
extensive and deep; it faces both distally and laterally and, 
on one specimen at least, is contiguous with both the cuboid 
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and sustentacular facets. The distal portion is convei 
proximo-distally, the lateral ponion concave. The facet for 
the cuboid is irregularly egg-shaped in outline and contigi^us 
with the sustenacular facet on at least one specimen. The 
sustentacular is the larger of the two plantar facets; both are 
on about the same level and are gently concave. They do 
not meet, being separated by a wide, deep groove which is 
closed anteriorly. There is no astragalar foramen. ^ ^ 

The calcaneum Is very massive and nearly as broad as it is 
long. The tuber calcis is short, very stout, oval in section 
and wider in the transverse than in the dorso-ventral diam¬ 
eter. The articular area for the astragalus is broadly 
quadrangular, more so than in the various calcanei of Cory- 
fkodon figured by Cope (1877, 188+), and emarginate proxi- 
mally and distally. The two facets are separated by a shallow 
depression. The lateral side of the bone is concave beneath 
the cctal facet and the ventral portion of this surface extends 
out in a flat process. The tendons of the peroneus longus and 
brevis occupied the broad groove thus formed; a prominent 
but short ridge divides the distal extremity of this common 
groove into two well marked smaller grooves for the reception 
of each of these tendons. The plantar surface of the bone is 
concave; there is a very prominent tuberosity on the mesial 
portion. There is no facet for the fibula. 

The cuboid is broad and stout and Is closer in shape to 
that of Coryphodon than to that of Pmiolambda. The bone 
bears a small, oval, raised facet for the ectocuneiform on the 
middleofitsmcsiaUurface. Thereisnoarticulationbetween 
cuboid and navicular, as in Coryphodon. The navicular is 
narrow proximo-distally and very wide transversely, the 
mesial side is strongly inclined proximally in an expanded 
hook-like process. The articular area for the astragalus is 
thus very concave and faces both proximally and laterally. 
The navicular of Coryphodon figured by Osborn (1898, fig, 
6) is somewhat similar, but does not have such a strong in¬ 
ternal hook; the flat short navicular of Pantolambda is de¬ 
cidedly different. Osborn states (1898, p. 185) that a tibiale 
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was probably" present in Pantolambda. There is no trace of 
such a structure In the figured specimen of Titsnaides. The 
ecto- and ntesocunelforms are irregularly shaped tetragonal 
prisms with the greatest diameter In the antero-posterior 
direction. Thejectocuneiform articulates with Mt. IV by 


Text peSj Pe494$. X 

two facets which are separated by a fairly deep pit. The 
entocuneiform is an Irregularly shaped tetragonal prism with 
the greatest diameter In the proximo-distal direction. 

The metatarsals, except Mt. I, are slender, and small 




160 


BRYAN PATTERSON 


compared with the of the tarsus; in their slenderness they 
resemble those of Pantoiambda rather than those of Corypko- 
don. Mt. I is short and relatively stout, the projtimal and 
distal articulations are very convex; this bone is decidedly 
diflFerent from the slender, curved Mt* I of P. baihmodon and 
more nearly resembles the corresponding metatarsal of Ccry- 
phodon. Mt. IV is the longest of the series and has a con¬ 
siderably expanded proximal end. The lateral side of Mt, V 
extends out in a large flat, triangular process on which the 
tendon of the peroneus brevis inserted; the process is con¬ 
siderably larger and more extensive than that of Mt, V of 
Pantola^mbdUn The phalanges, particularly the second, are 
small and the unguals do not appear to be fissured. The foot 
was more plantigrade than that of Corypkodon and rather less 
so than that of Pantolambda. 

The heritage characters of the pes definitely indicate 
descent from a form in approximately the same stage of evo¬ 
lution as Paniolambda. The articulations of the various 
tarsal elements are similar in the two genera, the chief ex¬ 
ception being the absence of a fibular facet on the calcaneum 
of Titanoides. The slenderness of Mts. Il-V^ and the rather 
high lateral portion of the dorsal tibial facet of the astragalus 
are points of resemblance to Pantolambda. In the habitus 
characters of the pes — iV. more massive tarsus, shorter and 
stouter tuber calcisj broader astragalus with, larger dorsal 
tibial facet, broader and thinner navicular, broader cuboid and 
smaller phalanges — there is a decided resemblance to the foot 
structure of Coryphodon. These habitus characters are the 
result of the acquisition of size and weight by members of 
the titanoidine phylum, a fact of great importance in ambly- 
pod phylogeny and taxonomy. The articulations of the tarsal 
bones of Paniolambda and Coryphodon are similar, with the 
exception of the suppression of the cuboid—ectocuneiform 
articulation in the latter genus. The graviportal Tii^moidfs 
supplies the desired link which shows that the pes of Cory- 

^ 1 previou»E3r stated thm ciic pa of hid been found 

isolated in xhe matrijc tt wmald, withwil much have been referred IQ the 

Coryphodontida." This senteqee must be emcnd^ to read tarsus far pee. 
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phodofi could also have evolved from the pes of ^ panto- 
lambdid in a similar stage of evolution to P^ntoiambda and 
that the structural differences between the Xorrejon genus 
and Coryphodon niaj^ be regarded as due to gravlportal adap¬ 
tation in the coryphodont phylum. 

fhnd Limb Ratw. — The leg bones of Pi 4908, collected in 
1932 and reported on previously, were re-measured. The 
new measurements are given here* together with those of 
P14945 collected in 1933- 
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Despite the dissimilarity in si^e and the poor preservation 
of Pi4908, the ratios are essentially similar. They are inter¬ 
mediate between those of FaTitohmbd^ and Corypkodon^ but 
somewhat closer to the latter, and are not so advanced as the 
ratios of the fore limb (p. 

AJinitirs .—The materia] collected in 1933 confirms the 
ideas that were advanced previously (1934, pp. 94-^7) upon 
the systematic position of the genus and its bearing on the 
taxonomy and phylogeny of the Amblypoda. These state¬ 
ments were as follows: {() Tiiamid^j is a member of the 
Pantolambdid^* (2) it was not descended from Puntoti^mbda, 
(3) it w'as not ancestral to C(^rypkodonj and (4) the resem¬ 
blances in the structure of the feet, particularly the hind feet, 
between Tiianoidts and CoryphodoUt both gravlportal forms, 
are evidence that the feet of Coryphodon w'ere evolved from a 
paotolambdid type. The fact was pointed out that in dental 
characters Pantoiambda had been long regarded as an ideal 
structural ancestor for Coryphodon and it was concluded on the 
basis of (4) that “The Pantolambdidse and Coiy'phodontidae 
may now be regarded as constituting a natural group in foot 
structure as well as in the dentition.” 
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The inclusion of in the PantolambdidE is 

supported by nearly every feature of the osteology of the 
genus. The presence of chevrons is strong additional evidence 
that Tilanoidfs was not descended from Fantolambda. The 
derivation of Coryphodon from Titanoides would necessitate 
such radical changes of structure and proportion as to seem 
directly impossible; both forms are large specialized members 
of divergent phyla. The resemblances and differences in the 
foot structure of these two genera arc such as would be ex¬ 
pected in late members of phyla ivhich have diverged at 
different times from a common ancestral stock. The recently 
described family Pantolambdodontida (Granger and Gregory, 
^934) the upper Eocene of ^longolia must be added to 

the natural group Pantolambdidse-Coryphodontida:. Panto- 
lambdodotif known only from lower jaws, is considerably 
closer to Pantoiambda and Tiianoides in dental structure than 
it is to Coryphodon- 

No further evidence upon the position of the periptychids 
and uintatheres has been published since the report upon the 
1932 collection. The Peiiptychidse are still regarded as 
Amblypoda? inc. sed, and the Dinocerata tentatively con¬ 
sidered a distinct order. 
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DESCRIPTION OF SOME NOTOUNGULATES FROM THE 
CASAMAYOR (NOTOSTrLOrS) BEDS OF PATAGONIA* 

ELMER S, RIGGS AND BRYAN PATTERSON 

&y Httf FehrMary rpjj) 

Abstract 

The skull and mandibles of Notosiyhps Tnurinns of the 
Notioprogonia are described. The suggestion is advanced 
that the family became extinct as a result of inability to com¬ 
pete successfully with the more specialii^ed and better adapted 
typotheres* 

A description of PUurostylodon of the Entelonychia^ 
based on severaj incomplete specimens of P\. (J)biconuSi is 
given* The auditory region Is described and some remarks 
arc made upon the probable development of this area in the 
Notoungulata. Study of the skull and dentition indicates 
that the genus was in general rather conservative in structure. 
The unguals were of the hoofed type and indicate an animal 
of normal ungulate habits* It is considered that the Iso- 
teitinidse and the Homalodotheriids were very closely related* 

The typical Entelonychia are briefly discussed in the light 
of the material described, and of the excellent specimen of 
IlQmalodothffiu'ttt in the collections of Field Museum. The 
group is compared with the Toxodonta and Typotheria and 
the conclusion reached that the Entelonychia retained more 
of the primitive notoungulate (= notioprogonian) heritage 
than either of the other two suborders* 

Notopith^cus of the Typotheria is described from a palate 
and two mandibles representing the species N. secans and 
A\ reduncus^ It is shown that the jugal is excluded from the 
vicinity of the orbit and restricted to the middle of the 
zygomatic arch^ The lower dentition is taken as an example 

* Rtiulu of tiic First Manball FieEd Paltfoatologicil Expedhlon to Ai^itutina. 
And ] 92 ^-^ 4 . 


163 


164 ELMER S. RIGGS AND BRYAN PATTERSON 

to illustrate the evolution of the tjrpotherean lower molar 
pattern iti the gradual complication of the premolars. The 
genus is placed in the TnteratberiidK of which it is, at present, 
the earliest recorded memlier. It is pointed out that the 
small size and brachyodont dentition of Notopithtcus suggest 
that the lypolhercs at this period were just entering upon 
their dental specialization, a supposition that is in accord with 
the theory that these animals replaced the less specialized 
Notoslylopidse in post-Casa mayor time. 

ISTROOtJCTIOX 

The First Marshall Field Paleontological Expedition to 
Argentina sent out by the Field Museum under the -leader¬ 
ship of E. S. Riggs collected fossil mammals chiefly from the 
Santa Cruz beds, the Colhue-Huapi {fiolpodott) beds and from 
the Deseado {PyTotherium) beds. Small collections were 
made also from the Casamayor Qtostylops) beds at two 
places; from Punta Casamayor on the Atlantic coast, and 
from the south end of Lake Colhue-Huapi in the interior of 
the Province of Chubut. At the latter place fossils were 
found in two localities, one at the base of the barranca facing 
the lake opposite the railway station, Kilometer 163, and the 
second in exposures three miles south of the railway station, 
Kilometer 145, some nine miles from the lake. The material 
collected consists of a few choice specimens, mostly described 
in the following pages, and a much larger number of jawrs and 
fragmentary pieces. 

Upon taking up the study of this collection we found that 
it was not particularly difficult to identify the more complete 
specimens, but that identification of the fragmentary material 
w'as practically impossible. The difficulty arose from the 
condition of the literature on this fauna. In various papers 
Doctor Florentino Ameghino described more than one hundred 
and twenty genera and some two hundred and sixty species 
from this formation. Many of his descriptions are very brief 
and accompanied by no figures. Anticipating this difficulty, 
the leader of the expedition asked permission to study the 
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great Amcghino collection while in Buenos Aires. This was 
found to be impossible, as the specimens were at that time 
boxed up and stored in the basement of the Ameghino home. 
As a result It was decided to limit this paper to a description 
of such specimens as could be determined with some hope of 
accuracy, according to the existing nomenclature. 

In the meantime, extensive collections of fossil mammals 
from the Casamayor formation were obtained by the Scarritt 
Patagonian Expedition from the American Museum of 
Natural History under the leadership of Doctor G. G, Simp¬ 
son, In the course of his work in Argentina, Doctor Simpson 
was able to study and photograph the Ameghino types which 
have recently come under the control of the Museo Argentino 
de Ciencias Naturales. In view of these conditions, arrange¬ 
ments were made to cooperate with the American Museum In 
the study of the pre^Santa Cruzean faunas. Following the 
preparation of this paper, the entire collections made by the 
Field Museum expedition from the Casamayor beds and from 
the Musters {Astraponotus) beds were placed at the disposal 
of the American Museum for the purpose of study and pub¬ 
lication. Also, in view of the large collections secured by 
the Field Museum from the Deseado and Colhue-Huapi beds 
it was likewise arranged that collections from these horizons 
recently secured by the American Museum should, after 
certain preliminary studies, be placed at the disposal of the 
Field Museum for study and publication. 

An adequate knowledge of the mammalian faunas of the 
Casamayor and the Musters beds is one of the great desiderata 
in South American paleontology at this time. By assembling 
all available collections of these faunas at one North American 
center of research, it is hoped to secure the most effective 
clarification of the problems involved. With these earlier 
faunas better known, it is hoped more successfully to follow 
out the later lines of South American mammalian descent. 
The preparation of the pre-Santa Cruzean collections in this 
Museum has been skillfully performed by Messrs. J. B. 
Abbott and Sven A. Dorf of the Museum Staff. The illus- 
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trations in this paper are from drawings by Mr. Sydney 
Prentice of the Carnegie Museum with some retouching by 
Mr. Carl F. Gronemann, Staff illustrator, Field Museum. 
To all these gentlemen we wish to express our sincere thanks. 
The manuscript of this paper vras completed early in 1932. 
Since that time Doctor Simpson has contributed several 
preliminary publications which have necessitated some sub¬ 
sequent revision. 

ORDER NOTOUNGUL.ATA ROTH 
Suborder Notioproconia Simpson 
Notostylopidffi 

This family was erected by .\ineghino in 1897 and referred 
to the Tillodontia on the basis of superficial resemblances in 
the dentition. Winge (1906, pp. 69, 96) placed it in the 
Typotheria but the majority of authors have referred it to 
the Entelonychia. We were at first inclined to agree with 
this view but Simpson subsequently showed, on evidence 
not available to us, that the endocranial cast of Notostylops 
is essentially similar to that of Hegetothgrinm and Frotypo- 
thgrium (1933 a and J), and that the family as a whole is more 
nearly related to the Arctostylopidse and Henricosborniidae 
than to the better known South American families (1934). 
His creation of the new suborder N'otioprogonia to contain 
these three primitive and broadly ancestral families appears 
to be a valid and necessary step at the present time. 

Notostylops Ameghino 1897 
(Plates I, II; Text figs, i, 2) 

The best specimen of this genus available for description 
is a fine skull of a young Individual, F..VI. No. Pi 3319, which 
has the full series of milk molars, with M-^ and fully 
developed and very little worn, and with not yet de¬ 
veloped. The first permanent incisor is just appearing. A 
second and younger skull, P1330S, shows also the milk 
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detititlon with erupted. In addition to these, there are 
three maxlllaries with teeth in varying stages of wear, and 
four mandibles preserving between them the entire lower 
dental series. Figures of two skulls have been published by 
Ameghino, iV. murinwj (1897, pp. 4S9-490, figs. 67-68) and 
brachyupkalus ([904 b, p. 412, fig. 540), and also some 
figures of upper dentitions belonging to various species. 
Gaudry (19041 iji ^ 5 > PP' 20) has figured the upper 
and lower dentition of A^ murinus from specimens collected 
by Tournouer, but hitherto no detailed description of this 
important genus has been published. Simpson {1932) has 
recently given a good figure of N. brachycepkalns in side view. 
The skull (Plate I; Plate 11 , fig. i) is relatively broad with 



Tmxt Fig-1. Te3t Fec+ 3, mun’ttaj 

Am^ehino. Pi47io. x|. Pi 36501 

Orv of Ff 4730 and of Pi36^0 rndtpendcni or pAmalli^ cdafcesced ciupulu 
may bc wcn in the rnedian vaJiep, nu r,j median 

long temporal facial region short and constricted in 

front of the orbits, cranial region relatively long, sagittal and 
lambdoldal crests sharp and well defined, anterior nares wide 
open and terminal, postorbital processes slight, auditory 
bullae moderately inflated, post^glenoid process compressed 
a n tero-poste riorly * 

Specimen No. Pi33 19 , referred to the species N\ murtnus 
Ameghino and Btudied in the following description, has 
probably attained about seven-eighths of the adult size. The 
presence of and M-, with a broken cavity which ap¬ 
parently contained the tooth-bud of AP, together with tire 
erupting first incisor, all point to the conclusion that this 
specimen is that of a young animal, not yet fully grown. 
The second incomplete skull, specimen No. Pi 3 308, is referred 
to from time to time in the following pages. 
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The Skull. (Plate Ij Plate II, fig. 0 
The skull may be compared with that of the well-known 
Santa Cruz form, ^dinotheriuntf as follows: The skull of 
Notostylops is much smaller and is proportionately' longer in 
the cranial region, is more constricted behind the orbits and 
is not so deep in the facial region. The sagittal crest is 
equally sharp, but longer, the arches are narrower, and the 
temporal fossse more elongate. The occiput is similarly 
broad but more overhanging, as in ilcmalodoikeriviii. The 
facial region is equally constricted in front of the orbits, the 
nasal bones are similarly elongate, the anterior nares are 
terminal and the premaxiUaries much less massive. The 
cheek teeth are much more primitive. 

The facial region of Pt 33 i 9 i measured from the post¬ 
orbital processes is shorter than the cranial region in the 
proportion 82/100. The anterior rim of the orbit is above 
dm,^ the infra-orbital foramen above dm- 2 ^, The sagittal 
crest has a strongly convex outline and its length from the 
point of divergence of the temporal ridges is a little less than 
the distance from that point to the anterior margin of the 
nasals. The skull is low dorso-ventrally, as in Homalodo- 
tkffium, but the facial region, due to the prominent premaxil¬ 
la ries, has a much more toxodont-like appearance than that 
of the last mentioned genus. The posterior half, only, of 
the zygomatic arch is preserved; this element is not nearly as 
broad dorso-ventrally as is that of the Santa Cruz entelony- 
chian, although it resembles that form in that the arch joins 
the occipital crest at a lower level than ts common in the 
Toxodonta and the Typotheria. The occiput overhangs 
the condyles, as in Homatodoikerivm; the structure of the 
auditory region is quite similar in the two genera (Patterson, 
1932, pp. 6-12), the most distinctive feature in Notosiyhps 
being the antero-posterlorly compressed post-glenoid process. 

When viewed from above, the skull of specimen ^13319 
appears in sub rectangular outline as far as the antorbital 
margin, terminating anteriorly in narrowing nasals and pre- 
maxillaries. The transverse, diameters across the orbits and 
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the occipital crest ^re approximately equaL The dorsal 
margin of the zygomatic arch i& contlnnons with the occipital 
crest, and the conspicuous notches which indent the latter in 
Honialodoth^rium are not present. The overhanging occiput 
conceals the condyles from view as In this genus. The brain 
case IS rather more prominent than in the Toxodonta and 
Ilomalodotk^rium, and narrows rapidly toward the very well- 
marked posi^rbital constriction. The temporal foss^ are 
long and wide and the post-orbital processes of the frontaU 
(restored in our figured specimens from Ameghino^s figure 
of A\ murinuj) are very weak compared with those of the 
Santa Cruz Toxodonta and Entelonychia. The post-tym¬ 
panic process of the squamosal and the porus acusdeus 
externus are not visible in this view, as in Homalodothfrium. 
The sagittal crest is very prominent on skull P13319, but in 
the younger specimen, Pi 3 308, this element is only slightly 
developed on the posterior third of the median line of the 
parietals and bifurcates anteriorly to form a long, low, 
sagittal area. The frontals, nasals and premaxillaries are of 
the toxodont type, as described and figured by Scott for 
Nfsodon and Jdinotkfrtumj and are conspicuously different 
from the corresponding reduced and modified elements in 
H omalodotki^riu m . 

A similar outline is apparent in the ventral as in the dorsal 
view, the rapid tapering of the facial region being rather more 
noticeable. The bull^ are not so long aniero-posteriorly as 
in Ilomalodoikeriuin. The structure of the posterior narial 
opening In N^otostylops Is similar to that of the Santa Cruz 
entelonychian but the side walls do not diverge as much, 
they are not as thick, and there is no division of the choan^ 
(Patterson, 1934 b). Some of these differences, however,, 
may be due to the distortion which this region has under¬ 
gone. 

The distortion suffered by the specimen renders a full 
description of all the bones of the skull Impossible, but many 
of the sutures can still be detected. The limits of some of 
the bones, as described in the following pages, are tentatively 
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determined and must await the description of better preserved 
materUl for confirmation. 

The hasioccipilsi and exoccipitals are missing in all of the 
available specimens. The supfsoccipitsl is rather narrow 
immediately above the foramen magnum but widens dorsally 
to form the entire occipital crest. The crest is confluent with 
the dorsal borders of the zygomatic arches without being 
emarginated by notches such as are present in llQtn&lodo- 
therium. The supraoccipital bone extends over the dorsal 
surface of the skull for a short distance thus excluding the 
parietals from any participation in the crest. There is a 
slight median ridge running from the foramen magnum to 
the crest, a contrast to the median groove which occupies the 
same position in the Santa Cruz entelonychian. The occiput 
as a whole is very similar to that of Adinothenum, being low 
dorso-ventraily and but little arched on the dorsal surface. 
It is, however, not so broad ventrally as in the latter genus 
and the post-tympanic processes of the squamosals do not 
participate so largely in its structure. The absence of deep 
concavities on each side of the supraoccipital, w'hich are so 
conspicuous a feature in the occiput of Homatodotkeriuni^ is 
a distinct point of difference from that genus. To a slight 
extent, this lack may be due to distortion, but the concavities, 
even if present could not have been of any considerable depth. 

The sphenoidal eUments are unfortunately rather badly 
crushed on one side of the skull and lacking on the other, so 
that no definite description of them can be given. The only 
statement that can be made is that the altsphcnold was in 
contact with the bulla. 

The parietals are long and narrow and extend anteriorly 
to the postorbital constriction. The sagittal crest on the older 
of the two skulls, Pi3319, extends the entire length of the 
median line of the parietals. .At the point of divergence of 
these bones the crest divides into well-marked temporal ridges 
which extend over part of the frontals but In the specimen 
figured do not reach the postorbital processes. In the younger 
skull, P13308, an extensive sagittal area Is present which 


SOME NOTOUNGULATES FROM PATAGONIA 171 


begins at the plane of the glenoid cavity and continues an¬ 
teriorly to the forehead. In a fully adult skull an even higher 
sagittal crest than that of Pi 5319 and more marked temporal 
ridges might be expected. The parietals diverge anteriorly 
and the frontals project some distance between the divergent 
ends. Three or four vascular foramina are present along the 
squamoso'parietal suture. 

The squamoiais are large and form a considerable portion 
of the side walls of the cranium. The glenoid cavity is narrow 
antero-posteriorly and broad transversely with a very slight 
lateral protuberance. The postglenold process of Noiostylofs 
differs greatly from that of HoMalodotkerxiiin in which this 
element is long, massive proximally and tapering distally, and 
channeled by the postglenoid foramen (Scott, 1912, p. 264). 
In the Casamayor genus the process is very much compressed 
antero-posteriorly and is not channeled by the postglenoid 
foramen, which has only a small orifice at the suture with the 
tympanic (Patterson, 1932, p. 12). 

The dorsal border of the squamosal is raised to form a 
ridge connecting the dorsal border of the zygomatic arch wdth 
the occipital crest. The post-tympanic process has a larger 
lateral exposure than in the Santa Cruz Toxodonta and, 
owing to the sub rectangular form of the cranial portion of the 
skull, a slightly larger exposure even than in HomaicdotheTii/tm. 
The occipital portion of this process is not so extensive as in 
the Toxodonta. Its dimensions approximate more nearly 
those of Uomtdodothnium. The epitympanic sinus is rela¬ 
tively large and conspicuous in the dorsal, occipital and 
lateral views, the lateral e.xposure, especially, being rather 
extensive and the wall In this region thick. 

The badly broken condition of the jugals — the anterior 
portions of these bones are largely missing in the material at 
our disposal—precludes a complete description but some 
points of structure can be determined. It would appear 
from the older of the two skulls that the jugal forms the entire 
arch, as in Procatia. What appears to be a suture can be 
detected on the left side of skull Pi3319 at the glenoid cavity. 
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Sutures at this point are also shown in Ameghlno’s figure of 
*V* murinus on both sides of the skull. As additional evidence, 
no trace of suture is visible on the half of the left arch that 
remains. Simpson, however, figures a normal squamoso- 
juga] suture in the arch of N, brackyffphalus fis* -> 

p. 5). The short zygomatic process of the maxillary is 
present in its entirety on the right side of the younger skull, 
P1330S, and exhibits the entire jugo-maxiliary sutural area- 
This area extends backward to a point immediately posterior 
to the floor of the orbit and is comparatively shallow' dorso- 
ventrally. This shallorvness is in notable contrast to the 
very considerable dorso-vcntral depth of the jugal in IIoma~ 
lodolkerium which completely conceals the alveolus of the 
third molar in side vew'; in Notosiylops is fully visible. 
The facial portion of the jugal is missing entirely on the older 
skull but is partly preserved on the left side of the younger. 
In this specimen it is present upon the face as a narrow strip 
of bone forming the anterior rim of the orbit and extending 
dorsally to the region of the lachiy'mal. The same condition 
is indicated by the jugomaxiliary sutural area on the right 
side of the skull. This arrangement occurs throughout the 
order with the exception of the Interatheriidse and represents 
essentially the same primitive condition as is exhibited by 
the Condylarihra (Gregory, 1930 p. 176). The lachrymal 
is not preserved in either skull. 

The maxillaries are similar to those of Nesodon and 
^ddinotkerium and differ in many respects from those of 
Homalodothcrium, which is equivalent to stating that they are 
of the normal toxodonl type. The facial portions of these 
bones are relatively shorter and higher than in the Santa 
Cruz entelonychian, in correlation w'ith the unreduced pre- 
maxillarles and the normal size of the nasals. The bones do 
not extend posteriorly o^'er the orbits, as they do in the last 
mentioned form, but have a fairly extensive contact with 
the frontaJs just above and a little in front of the orbits. The 
infraorbital foramen is large and situated over the anterior 
portion of dm®. The zygomatic process is short and forms a 
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small part of the inner side of the arch. The palatine proc¬ 
esses, while relatively smaller than in Homaiodothfrium, 
make up the major portion of the hard palate. They are 
deeply indented posteriorly by the palatines but not anteriorly 
by the premaxillaries. The roots of the brachyodont teeth 
do not form the concavity in the palate which is so noticeable 
a feature in the hypsodont Toxodontid®, From the widest 
point, between the last pair of molars, the two sides of the 
palate gently and regularly slope inward toward the median 
line to form the apex of a triangle at the tip of the pre- 
maxillaries. 

The palatines are very indistinct in the older skull and 
lacking in the younger, but their outlines are shown in Amegh- 
ino’s figures of N. m-urintts and iV. brackycepkitlus. The 
palatal portions extend anteriorly to the middle of where 
they are abruptly truncated, thus describing a rectangle on 
the palate. To judge from Ameghino’s figures, contact in the 
median line ends at A 1 - 3 -, "which places the border of the 
posterior nares farther forward than in Homaiodothfrium^ in 
which genus the median contact ends a little distance behind 
the third molar. The ventral borders of the walls of the 
posterior nares are not nearly so broad, relatively speaking, 
as they are in the latter form, nor do they diverge so much, 
although this latter condition may be due to distortion. 
The limits of the ptfrygoidj cannot be determined. 

The premaxiliariet are relatively large, with broad, as¬ 
cending rami which have a considerable sutural contact with 
the nasals, the two bones enclosing the large narial opening 
laterally. This opening is cordate in outline and terminal, 
as in Nesodon and Adinotkttiuvi. The opening is vertical, 
and in side view has a concave profile due to the oblique, 
upward sloping of the rami of the premaxillaries and the 
overhanging nasals. The anterosuperior angles of the ros¬ 
trum (in murinus at least) are upturned, forming blunt, 
peg-like processes. The median symphysis is open in the 
individual described but was doubtless closed In the adult, 
as figured by .Ameghino. The anterior palatine foramina 
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are relatively large but the spines separating them have been 
lost. 

The nasals are long, rather wide, and eoni'ex transversely, 
bearing a strong resemblance to the corresponding bones of 
Ntsodon. They are slightly divergent posteriorly while in 
the anterior extremities they are rounded and project con¬ 
siderably beyond the rami of the premaxillaries. They are 
more produced anteriorly but do not extend backward as far 
as do those of the Santa Cruz Toxodonta. They arc relatively 
not so long as in these forms, this latter feature being due to 
the shorter facial region. 

The/ron(<t/jr, as well as the prcmaxillaries and nasals, are 
decidedly toxodont-iike in appearance. Tn fact, Scott’s 
description of the frontals of Nfsodon p. 138) might 

be copied here verbaiim and would apply almost equally well 
to the genus under consideration, in which these bones are 
short and broad and the forehead nearly plane but sloping 
down a Utile over the orbits. .Anteriorly the frontals are 
received into the shallow notch formed by the slight diverg¬ 
ence of the nasals, and posteriorly Into the deeper cleft be^ 
tween the parietals. Well-defined temporal ridges run from 
the sagittal crest towards the postorbltal processes but do not 
reach them. The frontals have a considerable thickness near 
the postorbital constriction. The postorbltal processes are 
much less prominent than in Nesodon ^ and the frontals do 
not roof over the orbits to such an extent as in the genus 
above mentioned. These are the only notable differences 
between the frontals in the two forms. 

The Maxdible (Plate 11, fig. 4.) 

No mandible Is associated with either of the skulls, the 
description here given being taken from two isolated speci¬ 
mens (P13+47 and Pi 3397) both of which are assigned to 
the genotypic species, Natostylops murinus. The tw'o speci¬ 
mens supplement each other and permit a description of the 

* Fide Amcghiffm’a of N, Munnuj^ fiOm which, thoie Cm the figured skullj 

P[J3I9, hiiv-c bwn retioted. 
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entire jaw to be given, with the exception of the anterior 
extremity of the symphysis and the coronoid process. 

The mandible is large and robust. The condyle is sessile, 
almost as high above the level of the cheek teeth as in Nesodon, 
AdinotheriuTH and Homalodotkerium, convex and broad trans¬ 
versely, convex and narrow anlero-posteriorly—‘the articular 
surface being broader externally than internally in this dia¬ 
meter—and with a pronounced slope downwards and inwards. 
On the posterior side of the internal portion there is a smalt 
articular surface for the postglenoid process, as is also the 
case in ll{>m&lodoth(tium in which this surface is relatively 
enormous, roughly elliptical in outline and equal in area to 
that for the glenoid cavity. I'his articular arrangement 
permits very free lateral movement of the jaws. The ascend¬ 
ing ramus, in Notostylopsy is broad antero-posieriorly, there 
is no infracondylar notch and the angle ts irregularly rounded, 
the ventral border being a trifle below the ventral plane of 
the horizontal ramus. The angle is large with its free border 
not chickened, except just below the condyle on Pi 3447 where 
there is considerable expansion. The masseteric fossa is 
rather well developed, w'ith a median ridge for muscle attach¬ 
ment, but the masseteric crest is not at all sharply defined. 
The linea obliqua externa of the ascending ramus is fairly 
conspicuous and extends ventrally to a point halfway down the 
horizontal ramus under the second molar. The dorsal portion 
of this element is prominent and forms a fossa behind the 
third molar, which is rather more prominent than that oc¬ 
curring in Homalodotherhim and Adinatkirium but less so than 
that in Nesodon. The horizontal ramus is long, heavy and 
robust, with a practically straight ventral border below the 
check teeth. Under the second premolar the ventral border 
begins a rather abrupt upward turn to form a short, convex 
chin as in Homaiodotketium. The symphysis is broad, heavy, 
deeply concave on its dorsal surface, and extends posteriorly 
to the third premolar. The two mandibles are indistinguish- 
ably fused in Pi3447, an old individual, and also in Pi 3297, 
a younger though fully adult specimen. The dental foramen 
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at the level of the cheek teeth. On Pi 3447 there is a 
mental foramen beneath the diastema, and on Pi 3297 beneath 
the third premolar. 

The hycid arch, is unknown; the probable method of 
attachment of the arch to the skull in this genus and other 
notoungulates has been described elsewhere bjr Patterson 

(1932)* 

The Deniitio' 

The usual dental formula is I|, C^, P|, but variations 
from this occur. The first upper premolar is sometimes 
present, as is the canine, and the third upper incisor is re¬ 
ported lacking in one species. The second and third upper 
incisors, the first lower incisor, and, when present, the upper 
canine and first premolar are vestigial teeth and their presence 
or absence would appear to be of no functional or taxonomic 
importance. 

Upper dentition (Plate I, fig. 2; Plate TI, figs. 1 - 3 ; Text 
figs, I, 2).—‘In the specimens at hand there is only one 
incisor preserved, an unerupted (Plate 1, fig. 2; Plate II, 
fig. i). In the absence of other teeth of this series, Ameg- 
hino's description of the incisors of N. murinus (l897> P- 4 ^ 8 ) 
may be translated to advantage: '‘The internal upper incisor 
on each side is well developed, not very large, fairly long, 
strongly arched, of limited growth and bears enamel only on 
the anterior face at the extremity of the crown, the posterior 
face being obliquely worn as in the rodents. The second and 
third upper incisors are rudimentary [vestigial].” An ex¬ 
amination of the unworn incisor in No. Pi33^9 reveals the 
fact that no enamel is present on the posterior face and also 
that the tooth is chisel-shaped before being abraded; the 
rodent-like appearance of this tooth is therefore not due to 
wear. 

The cheek teeth are separated from the incisors by a 
considerable diastema and increase in size posteriorly to M^, 
Both premolars and molars are rooted and the crowns are 
moderately long and higher on the labial than on the lingual 
side. In a freshly erupted tooth, the transverse diameter at 
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the summit of the crown is very much smaller than at the 
base. The grinding surface accordingly increases in width as 
the tooth is abraded. 

The premolars. PJ- has been figured by Ameghino for 
N. promwrinw/ (1904 fig. 534, p. 40S) and by Gaudry (1904, 
fig. 25* p, 20) for N. murinus. Both of these figured speci¬ 
mens are, to judge from the state of wear of the‘teeth, young 
individuals and it appears possible that the supposed may 
be a remnant of the milk dentition. No example of the 
second premolar is preserved in the specimens at hand. The 
available figures show that it was much smaller than the 
succeeding tooth but apparently not dissimilar in structure. 
Premolars - and preserved in Nos. Pi3299 (Plate 11, 
fig. 2) and P13650 (Text fig. 3), are very similar in structure 
and differ mainly in size, P^ being the larger. These teeth 
are trigonal and the transverse diameter is considerably 
longer than the antero-posterior. The ectoloph is sinuous, 
w'ith a conspicuous paras tyle and para cone, the two being 
separated by a vertical groove which is deeper on P*- than on 
P-. The lingual face is crescentic and there is no trace of a 
postero-intemal cusp. The protoloph is oblique, low, and 
does not fuse with the ectoloph until the tooth is somewhat 
worn. .A ridge occupying the position of an antecrochet is 
sometimes present. The metaloph is slightly shorter and 
straighter than the protoloph and joins the ectoloph near its 
posterior margin. The transverse lophs are very low in 
comparison with the ectoloph; consequently, when looking 
at an unworn molar or premolar from the front or rear the 
tooth exhibits a concave, \^-shaped, grinding surface, with one 
arm of the V (the ectoloph) slightly higher than the other. 
The ectoloph is convex and curved inwardly on the cheek 
teeth of this genus, and also of most of the low-crowned 
Notoungulata, fore-shadowing the great degree of curvature 
attained by many of the later, hypsodont members of the 
order. The cingula arc variable in different specimens. No 
trace of an internal one has been observed. The anterior and 
posterior, when present, are low and very little developed; 
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the external, sometimes lacking, is low and rounded. The 
protoloph and metaloph inclose an oval median valley which 
is divided by a ridge projecting from the metaloph (Text figs, 
1 and 2) and extending anteriorly to the paracone. This 
ridge is formed by the union of cuspules (Patterson, 1934 «), 
which have arisen from the floor of the valley and united 
with each other and with the metaconule. On of specimen 
Pi4720 (Text fig, i) some of these cuspules which have not 
yet coalesced with the metaloph may be seen. The ante- 
crochet on the protoloph may also have developed from one 
of these cuspules. 

. The ma!ars and are very similar in structure and 
may conveniently be described together. They differ from 
the premolars in their larger size, straighter cctolophs, and 
quadrangular outlines. The straightness of the ectoloph is 
due to the shallower groove between the parastyle and para- 
cone^ the quadrangular outline is due to the presence of a 
postero-internal cusp. There is no trace of an internal 
cingulum on the specimens at hand; the anterior and posterior 
cingula are low, weak and not always present. The external 
cingulum is I'ariable in its degree of development but is 
generally rather more prominent than on the premolars. It 
is not sharply defined, but rounded, resembling in this respect 
the external cingulum of Pataeostylops iturtts from the 
Paleocene of Mongolia (Matthew and Granger, 1925, fig. 2), 
although not showing the cusp-lJke elevation on the external 
cingulum of of that species. The protoloph is essentially 
the same as on the premoUrs; the metaloph runs backward and 
outward from the postero-internal cusp to join the ectoloph 
near its posterior extremity. The central valley is relatively 
larger than in the premolars but is similar in being divided by 
the median ridge. On most of the molars at hand no trace 
of the cuspules that make up this ridge remains. The unworn 
first molar of Pi 3308 and the third molar of Pi3650, hoivever, 
exhibit partially coalesced conules in the anterior half of the 
ridge, a condition resembling that shown by of the speci¬ 
men figured above (Text fig. 2). The postero-internal cusp 
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of and Ma is rather small and is situated on the posterior 
slope of the protocone, with which it becomes united by 
abrasion. There is a very shallow depression between these 
two cusps on the lingual face of the tooth. The posterior 
cingulum is small and far removed from the postero-internal 
cusp. The position of the latter on the posterior slope of 
the protocone and its close connection with that cusp appear 
to indicate that it is a pseudohypocone. A similar cusp is 
developed on the molars of the primate subfamily Notharc- 
tinse of the North American Eocene, in correlation with the 
increase in size of the entoconids which shear across the 
posterior slopes of the protoconcs (Gregory, 1920 a, p. 149). 
The posterior cingulum of the molars of NciQStylops is very 
low and shows no indication of having given rise to the 
postero-internal cusp. The fact that the entoconids of the 
opposing lower molars shear between the protocones and the 
supposed pseudohypocones is evidence in favor of the sup- 
position that the postero-internal cusp on the first two upper 
molars of Noiostylops is a psetidohyocone. The third molar is 
slightly smaller than the second and is trigonal m outline, 
due to the absence of the postero-internal cusp. The struc¬ 
ture, otherwise, is essentially the same as that of and 

Each molar, when freshly erupted, is entirely covered with 
enamel of varj-^ing thickness, that on the lingual slope of 
the ectoloph, on the posterior slope of the protoloph, and on 
the anterior slope of the metaloph being considerably thinner 
than on the rest of the tooth. The conditions in an unworn 
molar of Homalodothetium (Scott, 191Z, p. 251) are somewhat 
similar, except that the enamel on the molars of the Santa 
Cruz genus is present on the above mentioned surfaces near 
the base of the crown only. 

Lower dentition (Plate II fig, 4).—The incisors. No 
complete tooth of the incisor series is present on any of the 
specimens at hand. Ameghino, in his first description of 
the genus, stated that only one incisor, was present in the 
mandible and described it as ‘^cylindrical, long, and without 
enamel save at the crown, which is short and flattened.” 
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He later recognized (1901, p. 419) that a small second tooth 
1^, ^vHich he characterized as being “atrophied, small and 
cylindrical ” was present beneath the larger Is* The Field 
Museum specimens, in so far as they go, confirm this descrip¬ 
tion. is circular in cross section at the root, while L 
is elliptical, with the greater diameter in the dorso-ventral 
direction. 

The premolarj. As far as is known at present there are 
only three lower premolars, but it should be noted that the 
lower jaw of iV. profliiirifitt/, which supposedly has four upper 
teeth of this scries, is as yet unknown. is considerably 
smaller than its successor but is essentially similar in struc¬ 
ture. The trigonid is higher and somewhat larger than the 
talonid, and its three component cusps are all united. The 
protoconid and the metaconid are almost connate. The 
paraconid has apparently been somewhat reduced- A shal¬ 
low valley separates the paraconid from the metaconid- 
protoconid on the lingual side of the tooth. The talonid is 
fairlv well developed, and rather sharply separated from the 
trigonid on the labial side by a vertical groove. The crista 
obllqua contacts with the trigonid midway between the 
proto- and metaconids. In the posterior valley between the 
metaconid and the hypolophid, there is a small, incipient 
cusp- the entoconid. This is the element that becomes so 
conspicuous a feature on the talonlds of almost all notoun- 
gulates and which has been called by many writers the 
posterior pillar.' In the specimens at hand P® has a large, 
single root, but in Ameghino’s figure of N. murmut (1897, 
p. 491, fig. 70) this tooth is figured as being double rooted. 
The third and fourth premolars are practically molariform, 
resemble each other closely in structure though they differ 
in size, Pj being somewhat the larger of the two in all di¬ 
mensions. They greatly exceed l\ in size and exhibit several 
advances over that tooth. The proto- and metaconids are 

1 The pfcmokri af too ipeclAlIztid io pennit an acoiunt of die 

dcvclopmctai of the natxHin^kte: lowtr mokr p^iucm lo be fiven herE+ For thU the 
reader i* referrsd to die d«ciipticia of the correipondEng teeth of the co4itcmpor.ary 
typothcre ia which the deuiU of devebpfnent are vety dear (p. 3o6). 
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welt separated, the talonids arc larger and broader and equal 
the trigonids in size. The entoconid is now a large cusp on 
the postero-internai angle of the crown, Independent on an 
unworn tooth but becoming connected with the posterior 
eitremity of the lophld as abrasion proceeds. The para- 
conids are more reduced than on Pj, foreshadowing their 
almost complete elimination on the molars. 

The moiart. The most important difference between the 
premolars and molars is the great reduction, in the latter, of 
the anterior horn of the trigonid (paraconid) and the conse¬ 
quent virtual reduction of the irigonld to the metalophid 
(proto 4 * metaconid). The latter is straight, is situated 
more anteriorly upon the tooth, and presents less obliquely 
to the transverse axis of the tooth row than in the premolars. 
In correlation with this reduction of the trigonid, the talon id 
has Increased considerably in size; the trigonid, however, Is 
still the higher of the two on an unworn tooth. Apart from 
the reduction of the trigonid, the first two molars resemble 
the third and fourth premolars quite closely. is dis¬ 

tinguished by the prolongation of the hypolophld posterior 
to the entoconid -with the result that this cusp, Instead of 
becoming Joined, as in the anterior molars and p re molars, 
to the posterior extremity of the lophld, joins It at a point 
nearer the center. 

The milk dentitioTi (Plate I, fig. 2; Plate II, fig. i). The 
upper molars are the only teeth of the deciduous series that 
are present In the material at hand. They are four in number. 
In specimen Pr33i9 the milk molars are rather well worn, 
the first permanent molar is in place and slightly worn, and 
the second shows no sign of wear and so has just erupted. 
The first incisor is barely erupted and had probably not yet 
displaced di^-. Dm^- is a very small tooth, longer antero- 
posteriorly than transversely- The ectoloph is convex, the 
paracone is prominent, the parastyle is small, and the roots 
are united throughout most of their length, being free only 
at their lower extremities. It seems possible that this small 
and almost functioniess tooth may have persisted in some 
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specimens until the permanent teeth came into place; and 
that the small of JV, promuriniis and of the specimen of 
N. viitfiniis figured by Gaudry, may in reality be the unshed 
dm^. The second milk molar is much larger than the first 
and is triangular in outline, with the transverse diameter 
exceeding the anteroposterior. In structure it closely re¬ 
sembles the premolars except for the parastyle, which is 
somewhat larger and more divergent from the paracone. 
There is no external or internal cingulum. The anterior and 
posterior cingula are low and very little developed, Dm^ is 
considerably larger than dm^ and show's a faint groove in 
the center of the lingual face which is lacking on the pre¬ 
ceding tooth. Apart from this feature, there is no essential 
difference betw'een the two teeth. The fourth milk molar 
closely resembles the permanent molars. It is the largest 
of the deciduous series and has a quadrangular outline, a 
postero-internal cusp and an external cingulum. It differs 
from the permanent molars and agrees with the preceding 
milk teeth in, its more divergent parastyle. 

The first molar ivas unquestionably, the first of the 
permanent dentition to come into place and was follow'ed 
by and then by I-. This order of eruption Is, so far, 
very similar to that of Nesodon, as described by Scott (1912, 
p. 1^9), and it is probable that when the tooth succession of 
Notostylops is fully known it will not prove to be materially 
different from that of the Santa Cruz toxodont. 

Relationships 

We have nothing to add to Simpson’s discussion of the 
general affinities of the genus (1934, pp. 10-16), Notostylops 
is a primitive but by no means an unspecialized form. Simp¬ 
son (193-, p- 5) listed several characters, such as the 
short rostrum, anteriorly placed orbits, diastemata, high 
sagittal and lambdoidal crests, in w'hich the genus is highly 
adaptive. Among the primitive features may be mentioned 
the structure of the molars, the low porus acusticus externus 
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and the nearly parallel basifacial and basicranial axes, The 
genus seems to have been the first of the notoungulates to 
acquire a markedly rodent-Hke habitus but its inadaptive 
molar structure was probably a major factor in its extinction 
when faced with the competition of the better adapted, 
hypsodont typotheres (see p. 212). 

Species 

Ameghino has very briefly described eleven species of 
Notostylops^ of which number he has figured but four. His 
descriptions are brief and identification is consequently 
difficult and uncertain. No attempt has been made to work 
out synonymy or to give further diagnoses and comparisons of 
the species recognized, as we feel that these questions had 
better be left entirely to Doctor Simpson, who has had oppor¬ 
tunity to examine the type specimens. He has kindly in¬ 
formed us that all our material is referable to N. murinus, 

Notosiylops murinus Ameghino (Plate II, fig. 4) 

Notostylops TTiurinus Ameghino, 1897, p. 4E9, figs. 67-70. 

N. ajpect&ns Patterson, 1932, p. 9, fig. 2. 




Lengtli> upper miUc nn^r seriei^, * _^ , 

Amcro-po^ tenor diameter of dm^. . .. . . 

TnQJVMc diinicitfr of dmi.. ..... 

Anitro-pofttoHor diamEi^r of dtai^ + ^ + p - ^ 

Traiojvie«e dijimfur of dm^. ^, 

AntcrO'pMtciior di^iirMt&r of drn,i_ _ _ __ ,, 

Transverse diameter of dm* . + .. * .. . p ^ , 

Antero-poatcriar diameUt oi dmA.,,. x . .^ ^, 

Tmaavertediameixr of + xh . . .. ...... 

ADiero~po£tErlar diameter of Mi along ccloloph . . .... 

Antero-pocterior diAmeter of . .. 

Trattsverse diameter of M^. .....__ _ _ h ^, 

Afliero-posterwr diaineter of M* along ectobpli ^ + 

Aotcfo-poeterior diameter of M^. ... . p ^+ 

TriuaVcrec diameter of +■ i + + .. . .. p hp ... + 


Pl«!9 

3J.G 

+,□ 

so 

6.7 
7-0 
G.g 

7-5 

^,0 

too 

8.7 
12.0 

10.5 

9.5 

12x0 
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Lengthy Pi-Mt+ ^ ^ ^ - 

Lcogi^f Pi-Pi,.. .. . . .. ----- 

Antjtro-poatcriar diameter a[ Pi.. . + .. . -,. - 

TriniverBC dianwier of Ps- - 

Anwro-ppaticrior diatttcicr of Pi+ + ^ - 

Tranaverac dia-nKter af Pi- ^ ■ 

Afiterp-pcttierwr dianaewr of F-r — - 

TwJVtTM diajxuricr oi Pt. ^ .. 

Lcngrli, . . , ^ - 

Antfro-pottcHot dsamc^cTof Mr,-. + + * + 

TnisiverK dlame wr of Mr ^ ---- * * + 

AiiTeto-pafltirior diameter of M;- - - -— 

Trans^cri* dUm-elar af Ms --- * - -- 

Antcm-p«terior diameier of Mt —........... 

TransVefie diameter of Mji 


F13447 

mm. 

49.0 

mo 

4^7 

30 

7-0 

5 S 

t-S 

7.0 

J9.0 

9.0 

6.0 

100 

6-S 

12,0 

6 .S 


The skull measurctnenis are rather uncertain, due to the 
distortion of the specimen, and too much reliance should not 
be placed upon them. Several important measurements, 
such as the basilar length, cannot be given owing to the 
absence of the eaoccipitals. 

P 13319 


SkuU, length from median incisive border to middle of cccipiUl crett. . . lOfi 

sktilt, length fnjni occipital treei to Cfld of hmsI* -- IM 

Facial length’.** . . ... .... 4 ^ 

CrAfllAl IcEigth .... ... JO 

Skull, Tsdiii acroM postorbiifti proccMi -- afi 

Skull, tridth flcfosi pfcmaxitliuric*. 17 

Skull* wjdtfi mt pofiiorbiui cocitfiction —.. + i* 

Skulif ij'gcunatic width . - + + *. ,,,,*, + ..* x^ r ^ 5 ® 

FiMp depth at P*. .. , X X . aS 

Face, depth at Af *, + .^ ^^ • - - * ^ ■ J2 

Occiput, width acTDaa dofial border of foramen magnum. . x x.... .. 4I e 

Sagittal crest, Icngthx -- *... 45 

Occipital crest* . .- --^-- - 4- 

Zi-^nutic ardi, length fiom gtenuid cavity. . 4 p .. . * - p -.-.- 4 ^» 

Zi-gomatic arch, depth Ln posterior half, x . 4.. p -.. -. * n 

Na^ds, length in median line,........ x x.4 . .x x 51 

Palate, length In median line. .. 44 4 ^ - 54 

F13447 


mm. 

Muidibic* length (cad- inciw»).. ia6.0 

Mandible* depth at Pt., ,.,.,,,. * 4. -. - - # 18.0 

Mandible, depth at Mf... 4 ♦ ^- 4 .. 2O.0 

Alandible, depth at x\!j...4 4 4 4 4 44 4 . p. .xx. . ii-2 


t From median mcliive border 10 middle of line ronnecting postenor borders of 
orbits ((ibom). 

* Fmm middle of Itne connecting posterior borders of orbitt to middle of occipital 
crett [Otbom). 
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Localitus, — Pi 3447 and P[365o were collected fay Mr. J. 
B. Abbot at Punta Casamayor. The others were found by 
Mr G. F. Sternberg at Lake Colhu^Huapj. Ameghmo does 
not state where his specimens were obtained. 

Suborder En'telonychia Ameguin'o 
IsoTEMiVtoye 

This family was originally placed fay .Ameghino in the 
now discarded order Ancylopoda, together with the Homalo- 
dotheriids and the Leontlniidse. Its very close relationship 
with the former family has been generally recognised and it 
has been referred to the Entelonychia by most subsequent 
Mfriters. As originally defined by its author, one of the most 
characteristic features of the family was the supposedly equal 
size and similar appearance of the incisors, canines, and first 
premolars (Ameghino, 1S97, p. 479), a character which was 
restated by Loomis in his work on the Deseado fauna (1914, 
p. 139). In the meantime, however, Ameghino had revised 
his original diagnosis and stated (1901, p. 410) that in some 
forms the canine ^‘was more or less enlarged,” The speci¬ 
mens here described and figured are all referred to Pleuro- 
stybdon. They are the most complete so far described and 
permit the observation of several new characters. So many 
forms have been described, but not figured, by Ameghino, 
that the writers are unable to judge whether features recorded 
for Pletirostylodon are common to other genera of the family. 
In consequence no revision or additions to previously pub¬ 
lished diagnoses of the Isotemnidse is here attempted. 

PleuTostyiodon Ameghino, 1897 (Plates III, IV; Plate V, fig. i) 

This genus is represented in the Field Museum collections 
by four specimens as follows: A skull, Pi3528, somewhat 
crushed and compressed; the anterior half of a young adult 
skull, Pt3296, with canine and unworn cheek teeth; the 
anterior portion of a somewhat older adult skull, P13309, 
svith canine and premolar teeth; and a fragmentary right 
maxillary, Pi 3620, with dm^, dm^ and Mj-Mj, associated 
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with fragments of limb bones and two incomplete phalanges. 
There are no lower jaws in the collection w'hich may be 
certainly identified with this genus. Lpon this material 
the following description is based. 

Pleura sty lodon is closely comparable to llomalodotkeriutu, 
the best known and one of the latest of the entelonychian 
genera. In the general proportions of the skull, the structure 
of the arches, the structure of the auditor)^ region, and the 
dentition, the two forms have much in common. While 
Pleurostyiodon, as will be pointed out below, is a more primi¬ 
tive animal, it displays in its crania! and dental anatomy 
structures which were doubtless characteristic of the ancestral 
stock from which HoiualodothiHuiii evolved. The specimens 
at hand, which are identified as P. {?)biconus Ameghino, with 
the exception of Pi3620, indicate an animal slightly smaller 
than Rhynchippus equhius of the Deseado. 

The SKUtt (Plates HI, IV; Plate V, fig. i) 

The specimens in the collections are neither sufficiently 
complete nor sufficiently supplementary to admit of a full 
description of the skull. The distorted skull, PijS^®! has 
been very skillfully and, so far as can be judged from the 
specimen, accurately restored by Mr. Prentice in his drawing 
(Plate 111 ). This specimen admits of a general description 
in ventral view and a fairly detailed account of the auditory 
region. From the two anterior halves, Pi3296 and P13309, 
(Plate IV, figs. I, 1) a general description of the bones of the 
face can be given. The occiput and the dorsal aspect of the 
cranial region remain unknown. 

The skull is rather broad across the arches, with the widest 
point at the glenoid cavities. The facial portions of the 
maxillaries slope rapidly outward from the muzzle to the 
anterior rims of the orbits. The arches present a sharp angle 
opposite the glenoid cavity. The muzzle and the occiput 
are gently rounded. The palate is comparatively wide, the 
tooth-rows are slightly curved and diverge toward their 
posterior extremities. 
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In comparison with Notosiylops^ iKe skull is much larger 
and the muzzle less constricted. The facial regions of the 
two genera show considerable differences; that of A'clostytops 
is triangular;, with prominent ffrst incisors and conspicuous 
diastema tat while FUurostyhdon has a broad muzzle, rather 
small first incisors^ and no diastemata. In comparison with 
^ 4 dinotkirnum of the Santa Cruz beds the genus under con¬ 
sideration has a narrower occiputT a considerable shorter and 
less tapering facial region, and a less reduced dentition. The 
second incisor of j 4 dinoikfnum is greatly enlarged, while the 
third incisor and canine are vestigial and Isolated by small 
diastemata. There are considerable differences in the audU 
tory region also w'hich will be discussed further on (p. 190)* 
PUurostylodon differs from Ilom^ilodotk^rium in having a less 
regularly oval skull, shorter facial region, unreduced nasals 
and relatively longer canines. The two genera, however, 
closely resemble each other both superficially and funda¬ 
mentally. 

The anterior rim of the orbit of Pleutoslyhdon is above 
the middle of the first molar. The infraorbital foramen is 
situated above the posterior border of P^. The jugal re¬ 
sembles that of Homalodotkifrium and differs from those of the 
Toxodontidae in the absence of a notch for the reception of 
the zygomatic process of the squamosal. The arch, as a 
whole, is narrower and less robust than that of the Santa Cruz 
entelonychian. The jugal elements is much shallower dorso- 
ventrally, leaving the alveolus of the last molar visible in 
side view. The glenoid articulation is elongate transversely, 
and narrow, with a deep fossa behind. The postglenoid 
process is slight. The structure of this area is very similar 
to that of the Santa Cruz toxodont, Adin^iherinm. 

The facial regicsn is of the normal notoungulate type, 
having the anterior nares terminal in position, the nasals 
long and rather robust and with a sutural contact with the 
premaxillaries and maxillaries, and a fronto-maxillary artic¬ 
ulation above the orbit. It is similar in a general way to 
that of Noioitylops^ IVesodon and Adtnoikt'rium and it is 
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correspondingly unlike that of HomatodothtFium. The speci¬ 
men, Pi 3 528, shown in side view on Plate V, has been ab¬ 
raded so that the superior outljne cannot be reconstructed. 
The facial region of Pi3 296, is illustrated in Plate t\\ fig. i. 
This specimen^ in connection with a third, P13 309, shows 
that the nasals overhang the aveolus of the second incisor and 
are proportionately longer than those of NotoHylopj or of 
jidinotkfrium. The bones are narrow above the canine 
alveolus, and expand slightly near their posterior ends* The 
posterior margins are indented to receiv^e the small, blunt 
anterior processes of the frontal bones. The latter are 
similar to the corresponding bones of yldinoth^Hum though 
with less prominent postorbital processes and less marked 
by temporal ridges. 

The ascending process of the premaxillary is broad and 
triangular, and has a long articulation with the nasal bone. 
The alveolar border and the palatal surface are not w^eil 
preserved in the specimen at hand. Likewise, the form of 
the anterior nares cannot be determined. It is apparent 
that they were terminal in position and thus veiy' different 
from the widely open nares of Ilomalodotki^rium. The maxil¬ 
lary, as might be expected from the structure of the adjacent 
facial bones, is of the more conservative pattern known from 
the Santa Cruz genera, Nejodon and Adinatkerium. The 
facial portion shorter than that of HcTnalodothtnum- It 
terminates in a rounded angle above the anterior margin of 
the orbit and joins the frontal in a short, transverse suture. 
The zygomatic process of the maxillary is short and is over¬ 
lapped by the Jugal so as to be almost concealed in the lateral 
view. The jugal, as Is usual in the Notoungulata, forms a 
part of the anterior rim of the orbit and excludes the maxil¬ 
la rj^. The lachrj^mal bone is not preserved in the specimens 
at hand. Apparently it was mostly within the orbit as in 

The auditory region of the older adult skull, P13328 
(Plate ni}j is fortunately quite well preserved and permits a 
fairly detailed description to be given. It is of the usual 
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tozodont type but rather more generalized than that of 
//om ahdothfrin m. 

The tympanic^ The auditory bulla is very similar to 
that of Ilornalod&tkeriumj being oval in outline^ well inflated^ 
and having the greatest diameter in the antero-posterior 
direction. The auditory meatus is cylindrical in form and is 
directed slightly backward and upward. The crest on the 
under surface of the meatus (crista raeait) Is neither as 
massive nor as rugose as that of the Santa Cruz entelonychian 
but is thinner antero-posteriorly and less extended ventrally. 
It is partially hidden by the pars serrialU of the squamosal in 
the occipital view* There are no processes from the crests 
either abutting against the distal end of the post-tympanic 
process as in llDmalodotkfrium and NoiosiylopSf ot joining 
the pa roc Cl pi tal process as in Homalodothmum* The crest 
joins the bulla in the same manner as in Nfsodon and 

that is, it runs obliquely forward and inward from 
the porus and joins the bulla at the middle of its lateral sur-- 
face. The porus is comparatively large, placed low on the 
side of the skull, circular* and bounded anteriorly and ven- 
trally by the tympanic, dorsally and posteriorly by the 
squamosal. The post--glenoid foramen is large and con¬ 
spicuous, and channels both the post glenoid process and the 
crest. 

The ^pitympanic sinus is situated above and behind the 
porus and is conspicuous in both occipital and lateral views. 

The stylomastoid foremen has the position usual in the 
order: that is, intermediate between the porus and the 
hyoidean vagina. It is bounded anteriorly by the crista 
meati and posteriorly by the post'-tympanic process. The 
orifice is not so conspicuous as in Hotnalodotkeriuin^ being 
partially hidden in the cleft between the crest and the post^ 
tympanic process. 

The vagina procsssns kyoidfi is situated at the postero¬ 
external surface of the bulla, as is the rule in the order. It 

^ It U pos&lbtc tbit an encoij^mpsiDic h prwnt but tuch an eletntm was 
it die tluit ibis account wai written. 
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i& bounded antero-internally by the bulla, anteto-externally 
by the crista meatl, and posteriorly by the paroccipital process. 
No trace of a mastoid process or of an adventitious bone 
(Patterson, 1932, p- 19) be detected. These elements 
may be present, as the skull is that of an old individual 
in which the sutures are indistinct. The paroccipital process 
Is comparati’i'ely short, stout and curved posteriorly. 

The auditory region of Pl^ttrostylodoft appears to be more 
generalized than that of arty other notoungulate so far de¬ 
scribed.’ It has all the usual features of the notoungulate 
auditory region but none of them are at all accentuated- 
When compared with Adhiatkfrium of the Toxodontidse, the 
tympanic region of PUurosiylodon is immediately seen to be 
of a more simple type. In Jdinothfrhtm the basicranial 
region is shortened anterc^postcriorly, the occiput is wide, 
the post-glenoid and post-tympanic processes of the squamosal 
are very close together and the crista meat! Is, in consequence, 
thin and plate-like. The mastoid is excluded from the side 
of the skull, is restricted to the occiput and is exposed there 
in young specimens only. The porus is rather high on the 
side of the skull and the bull® have their greatest diameter 
in the dorso-ventral direction. In Fliaroslylodon and also in 
Notostylops and Homalodotkfrium, the basicranial region is 
relatively longer antero-posteriorly, the post-glenoid and post- 
tympanic processes are farther apart, the tympanic crest is 
thicker, the porus is lower and the bullae are longer antero- 
posteriorly. The mastoid is extensively exposed in Homaio- 
dotk^riiivi and probably, although not yet definitely known, 
in the other two genera also. The more specialized conditions 
in Adhioih^rium, in other members of the Toxodontid®, in 
the LeontiniidiE and in the Typotheriida, seem to have arisen 
in correlation -with two factors: The first appears to have 
been the great expansion of the cpitympanic sinus, an expan¬ 
sion greater than that of any known entolonychian, which 
contributed to the verj'^ considerable broadening of the 

* The iRcmbctt aF the [ntctii Uteri tdx uid Ilegetotberildz of theTj'potheriB ihould, 
perhape, be excepui. W'tiile the membetx of thw two families have a bn&idct 
occiput aod i lj[:ger cpltympaaic uniu, they have im wdl dcfiqcd crisu meiiti. 
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occiput atid the exclusion of the mastoid from the side of the 
skull.^ The second factor is that Adimthennm has acquired 
a certain degree of cyptocephaly (Osborn, 1931, p. 25^)1 
a bending down of the basifacial axis upon the basicranial, 
with which the antero-posterior shortening of the basicranial 
region and the attendant features listed above seems to have 
been associated.^ It seems probable that, in the earliest 
members of the Notoungulata, the basicranial and basifacial 
axes tvere on the same plane and the occiput was not parti¬ 
cularly broad. The auditory region probably had the fol¬ 
lowing characters: bulla moderately Inflated with the greatest 
diameter In the antero-posterior direction, auditory meatus 
cylindrical with a slight crest on the under surface, porus 
situated low down on the side of the skull, epitympanlc sinus 
small. From these hypothetical prototypes, which if known 
would probably be placed in the Notioprogonia (Simpson, 
1934), the known Entelonychia have diverged the least of any 
of the three later suborders. The most noticeable subsequent 
developments in this group were complications of the crista 
meati, such as the processes in Hoinalodotkerium. 

The DE>’Tmo>’' (Plates HI, TV; Plate V, fig. i) 

In the skull the full therlan dental formula, C^, P*, 
is present. The formula of the mandible is not recorded 
by Ameghino, but there is no reason to doubt that the full 
complement of teeth was present. The upper tooth rows 
diverge but little posteriorly. 

Upper dentition ^—'The incisors. The first and second 
teeth of this series are very similar in structure and also in 

In a prrviDUl paper it was stated (PAfterson^r 193?. with a feir 

c:raptLonB, a Very liitJe eipos^ or hidden mutoid was charactcrijtlc of the Noioun^- 
lata. In the light of the above this ^taieTnent is shown to be probabEy iocorrecc. 
It ii a £pecialix{tik>ri attained by miny of the Toiod^nta and Typotherla but notj, 
apparendyj by the Entrlonythia acid Notiopragonla. 

s Among perUapdattylij Profea4^^^ has attributed lucb featurti as 

exclusion of the mastdid fmm the side of the akull and tbtf anterxs-postenor compress km 
of the bas3c™ial dementjp to braehyrtphaly. It wouEd appear* bowever* tbat 
bncbycephaEy cannot be responsible for similar conditiQiii among tbe Notoungnlita 
for the mijonLy of skulls measured by ui (using OBbom''s Jncaaiintnijects for ibc 
Perissodactyta* 1951, p. metudEne those generm with expanded occiputs and com¬ 
pressed baaicranial regions* are either mesaticcphalic or aubdoEldiocephalic. 
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size, being slightljr the larger. They are gently convex 
on the labial face, which exhibits no trace of a cingulum, and 
were probably conical in shape when unworn. On the Ungual 
face there is a strong, vertical median ridge which is flanked 
by fairly deep concavities. An internal basal cingulum is 
present, which in some teeth is continuous over the ridge, and 
in others is not. The third incisor is much enlarged and is 
apparently in the process of assuming the lanceolate shape of 
the canine* Instead of being squarely abraded across the 
top, as are the first and second incisors, it is W'orn on the Inner 
side of the posterior half, as are the canines- The structure, 
both of the labial and lingual faces, is, however, the same as 
that described for the preceding teeth. 

The canine is subject to individual variation. It is ap^ 
proximately one-third larger than 1^, lanceolate, strongly 
convex on the external face, fiat on the internal; it bears a 
conspicuous internal vertical groove near the antero-internal 
border and lies obliquely to the antero-posterior axis of the 
cheek-tooth row. The presence or absence of an external 
cingulum is variable as tTvo specimens show no trace of it 
while a third bears a rather weak one. The same specimen 
has an internal cingulum on the anterior third of the lingua! 
face beneath the vertical groove. The canines of PS3528, 
are obliquely abraded on the posterior half of the internal 
face, while those of Pi 3309, in addition to exhibiting wear in 
the same position as In the preceding, are also worn on the 
anterior portion of the labial face. 

The premoUrs. The first premolar is small, single-rooted 
and roughly elliptical in outline, with the long axis in the 
antercHposterior direction. This tooth is so much worn in all 
the specimens at hand that it can only be obsen^^ed that an 
external cingulum is present on the posterior two-thirds of the 
cctoloph and that the protoloph is not formed. The second 
pre molar is considerably larger than Pl, quadrangular in 
outline and three-rooted, two external roots and one internal; 
the ecioloph js convex and very undulating with a prominent 
parastyle which slightly overlaps P^. The parasiyle Is 
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followed by a deep vertical groove which sharply separates 
It from the conspicuous paracone, which is itself set off 
posteriorly by a much shallower second groove, and there Is a 
very slight elevation at the metacone. A rather weak ex¬ 
ternal basal cingulum extends posteriorly from the parastyle. 
The protocone is a large cusp situated in the middle of the 
lingual face of the tooth; the long, obliquely^lying protoloph 
joins the patasiyle, and the shorter and straighter metaloph 
joins the ectoloph just posterior to the metacone. There is 
no postero-internal cusp on this tooth or on either of the two 
succeeding premolars^ The anterior cingulum on is 
extremely well developed on the antero-intemal corner of the 
tooth, the nearest approach that the writers have observed 
in a notoungulate to the extreme development of the anterior 
cingulum In the later Macraucheniidse. It extends over to 
the internal face terminating at the base of the prolocone, in 
some cases extending partly around it. The posterior cin¬ 
gulum Is placed somewhat nearer the apex of the tooth than 
IS the anterior and accordingly soon loses Its Identity in the 
grinding surface. It is poorly detxloped on the posterior 
face of the tooth but is reflected over upon the internal face 
and attains some prominence on the postero-Internal corner^ 
enclosing^ together with the protocone and the metaloph, a 
small fossette which persists for a short time before being 
worn away. The posterior cingulum ends on the posterior 
side of the protocone, where the difference between the levels 
of tlie tw'o cingula is ver^*^ noticeable- The central valley is 
very deep and lies obliquely across the grinding surface In a 
little abraded tooth, becoming more and more antero¬ 
posterior in position as abrasion proceeds. The valley is 
invaded by three or four cristse from the ectoloph, the pos¬ 
terior of which unites with a crochet from the metaloph to 
isolate a small fosse tie* On the posterior slope of the proto¬ 
loph there is a small vertical ridge, corresponding in position 
to an antecrochetJ On the premolars of Pi 3296, a young 

^ The tenms cHttXp crachet ajid antfcrthdict arc employ^ as topographical names 
asd do not oecestarily luiply dcvelDpiucdts homolosoua to tboESO observed m other 
orders. 
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animal, several of the cristse are bulbous at their free extremi¬ 
ties and on viewing them through a binocular microscope, it 
becomes evident that the bulbous ends ate connected to the 
ectcloph by a thin ridge of enamel. It would seem as though 
cuspuks had arisen in the median valley, as in NotosiyIopSj 
and later had become Joined to the ectoloph. 

The fourth premolar is larger than the third, both teeth 
have relatively greater transverse diameters than P-®-. Differ¬ 
ences in structure from this tooth are trifling and appear to 
be limited to the cingula. On P^- the anterior and posterior 
cingula Just meet on the labial face of the tooth; on they 
are continuous but the posterior is considerably lower than 
the anterior. The external cingulum is variable in the teeth 
of this series; on P^ it has its inception at the paracone, on P^ 
either at the parastyle or paracone, and on at the parastyie. 

The molars: M-^ and are quadrangular in outline and 
closely comparable in size, structure and proportions; the 
antero-posterior diameters are considerably greater, relatively, 
than in the premolars but do not equal the transverse. The 
ectolophs are sinuous with prominent parastyies and para- 
cones and gently convex metacones. The external cingula, 
when present, are confined to the depressions between the 
paracones and metacones. The anterior cingula are confined 
to the anterior faces of M-l- and AP of P13528 but on Pi3296 
they are large and encircle the protoloph. The posterior 
cingula are situated nearer the apices of the crowns and 
become fused with the metalophs when the teeth are moder¬ 
ately abraded. The protolophs are long, oblique and join 
the parastyies; the metalophs are short, transverse and unite 
with the ectolophs immediately posterior to the metacones. 
The labial faces are incompletely divided. On both M-*- and 
M* a variable number of cristae extend from the ectoloph into 
the obliquely-lying central valley. The posterior crista on 
each tooth is fused with the crochet, isolating a small fossette. 
On there is a small antecrochet on the protoloph. 

The third molar differs from the preceding teeth of the 
series in its tnangular outlincj more sinuous ectoloph and 
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undivided labial face. The anterior cingulum encircles the 
base of the protoiophj the posterior is placed low on the side 
of the tooth and participates in the crown pattern. On 
specimen P13296 it is so prominent as to form an incipient 
hypocone. The structure of the central valley is essentially 
similar to that of small cuspules occur on the floor of 
an isolated M*, of Pi4870. 

Very little is known of the lower dentition. There are no 
mandibles associated with the skull material in the collections 
of this Museum. Ameghino (1897, p. 484) states that the 
lower molars of P. biconus have a high crown, a slight internal 
cingulum, and a transversely elongated postero-internal 
tubercle (entoconid). The same author described (1904 s, 
p. 240) the lower canine of P, bifidus as resembling Pj in 
crown pattern and having the root divided by a longitudinal 
groove. Matthew (1915, pp. 430-432, figs. 1-3) and Schlosser 
(1923, p. 615, fig, 760) give figures of P^[ and the lower molars 
which show the elongated entoconid. A complete Jaw has 
not yet been figured or described but it is probable that the 
full dentition was present, as in the skull. 

Milk dentition .—In Pi3620, Pleurosiylodon sp., dm^'^ and 
aru jju place and in use, M-^ is fullj’" formed but is not 
yet in use. The milk molars are so worn that Httle of their 
structure can be made out, but the parastyles are rather more 
divergent than on either the premolars or the permanent 
molars, and there is a pronounced concavity on the ectoloph 
between the paracone and the metacone. The last three 
premolars are fully formed and are in place beneath the milk 
molars, which they would presumably have replaced at about 
the time M^ came into use. 

The dentition with its full complement of teeth appears 
to be a conservative one, exhibiting but a single specialised 
character—the tendency of the third upper incisor to become 
caniniform. This, of course, does not imply that the pre- 
molars and molars are not progressive in the complexity of 
their crown patterns, or that they are less specialized than 
the check teeth of Notostylops, The dentition of Pleuro-- 
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stylodon and also that of Homahdotheriuvi is conservative 
in the sense that it is complete, rooted, and in series, and that 
there are no functionless teeth on the verge of disappearance, 
no disatemata, and no great development of any of the 
anterior teeth such as occurs in Notostylops^ Leontinia, 
AVfodofl, Toxodonj and others. The Noiohippidae among 
the Tosodonta resemble PleuTOStylodon in the above respects 
but have acquired, in the course of their evolution, hypso- 
donty and cement, progressive characters which the genus 
under consideration is very far from attaining. In compari¬ 
son with Hoi^alodotheriumy the teeth of PlfurostylGdon are 
seen to be more primitive, save, perhaps, for the development 
of the third incisor, in that the upper canines are unreduced, 
the upper premolars show no indication of a labial division, 
and the third upper molars are considerably smaller and less 
developed than the first and second. However, these differ¬ 
ences are mainly such as would be expected between two 
closely related genera from rather w'idely separated geologic 
horizons. The development of the anterior cingulum on the 
premolars and the incipient enlargement of possibly 
represent divergences between the two genera. An adequate 
knowledge of the Homalodotheriidae of the Casa mayor beds 
is essential before satisfactory comparisons between the two 
families can be made, but it appears certain from the available 
material that the Homalodotheciida; and the Isotemnidae 
are as close to each other in dental characters as they are In 
cranial structure. 

Unguals 

The terminal phalanges of this genus, and probably also of 
the other genera of the family, are of the hoofed, and not of 
the specialized claw-like type which is so characteristic of 
those homalodotheres in which these bones are known. 
Authority for this statement is provided by two incomplete 
unguals of PltuTostylodon sp.. Pi3620, collected by E. S, 
Riggs at Punta Casamayor in association wdth some frag¬ 
mentary limb bones and the upper milk molar-molar dentition 
described above. 
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Oqc of these unguals^ the larger and more flattened of the 
two, IS from an internal digits possiblj' from digit III. The 
other^ which is smaller and more compressed laterallj'^, is 
presumably from one of the external digits* This latter 
bears some resemblance to the unguak of the Santa Cruz 
typotheres. Whether the bones in question are from the fore 
foot or the hind foot is not certain* Probably they are 
from the hind foot, as the recognizable limb bone fragments 
are from the hind legs. The unguals are relatively low dorso- 
ventrally* in comparison with those of llomalodoikirium^ and 
taper rather rapidly towards their distal extremities. In the 
portions preser^^ed (the distal ends are unfortunately broken 
off) there is no trace of a cleft or of any conspicuous rugosities, 
both of which features are Yer>^ marked in the Santa Cruz 
entelonychian. If these bones were cleft at all it was obvi¬ 
ously to nothing like the extent seen in Hamalodothi^riuni^ 
The articular facets are low dorso-ventrally in comparison 
with those of the Santa Cruz form. Immediately above 
their broken ends the unguals begin to expand laterallyj as 
in the typoiheres and toxodonts. The claw-like unguals of 
the Santa Cruz entelonychian combined with the peculiar 
structure of its humerus and feet have been interpreted as 
indicating fossorial habits. The unguals of Pl^ur&siytodon 
suggest more normal ungulate^ and hence less aberrately 
specialized, habits than those of Iloma!odotkfrium. 

Relationships 

From the summary of characters of the dental series (p. 
195) and of the auditorj'^ region (p. 190) it k apparent that 
PUurostylod^n is a rather generalized type that displays no 
great structural aberrations. The dentition indicates that it 
is an entelonychian closely related to Homalodoth^^rium^ and 
the structure of the skull in no way contradicts the inferences 
derived from the teeth^ as definite and significant structural 
resemblances to Homahdotkerium are clearly recognizable. 
In only one important cranial feature does Plfurosiyhdon 
differ from its Santa Cruz relative; that is, in the structure 
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of the bones of the face. These are of the nonrial toxodont 
type, as represented by AdinotkeTtiiw. In this character 
Homalodotk^riMtn appears to be a Highly specialized form and 
as such offers no barrier to close relationship between the 
Homalodotheriid® and the Isotemnidsc. The precise rela¬ 
tionship of the two above-mentioned families cannot be 
definitely' determined owing to the lack of adequate knowl¬ 
edge of members of the Homalodotheriid* from the Noto- 
stylops beds, but it is certain that the two are ver>' closely 
related. 

Species 

The condition of the literature on the species of this genus 
is similar to that found on the species of Notosiylops. Four¬ 
teen species of Pleurostylodon have been briefly described by 
Atneghino, several of them being based on isolated third 
upper molars. Of these fourteen species ten have been fig¬ 
ured, but the figures, being mostly of single teeth, are in¬ 
adequate for the determination of species. 

The specimens in the Field Museum arc, with the exception 
of Pi3620, from the region south of Lake Colhue^Huapi, and 
agree very closely in size. This material is tentatively as¬ 
signed to P. bkonits Ameghino, since the individual variations 
showm do not appear sufficient to establish the presence of 
more than one species of the genus In the collection from this 
locality. From an examination of Amegbino^s figures it 
appears likely that he did not sufficiently consider individual 
variations in establishing his numerous species and that some 
of them will be found to be synonyms when the types are 
critically restudied, 

Pleurostylodon biconui Ameghino, Plates III, IV^; Plate V, 

fig. I. 

Trimerostephanos biconus Ameghino, 1897, p- 484- 
Pleurostylodon biconus Ameghino, 190^, p* 29* 

This species was originally founded on the lower dentition, 
and was transferred to Pleurostylodon upon the discovery of 
the upper teeth. Ameghino's second description may be 
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appended in translation: “Upper and lower canines differ¬ 
entiated but not very large; upper canine with a short, conical 
crown, a little arched and obliquely worn on the posterior face; 
lower canine with a lanceolate crown, laterally compressed, 
pointed, and \%'ith trenchant edges. The upper molars re¬ 
semble those of F, modicus (Ameghino, 1897, pp. 485-486] 
but do not have an external basal cingulum. Last upper 
molar with an enamel cingulum at the base of the internal 
side. Surface of the enamel smooth or almost smooth,” 
The measurements given are as follows: My, antero-posterior 
diameter 15 mm., transverse diameter 20 mm.; P7 My, 
length 65 mm,; height of the ramus under My, 22 mm. The 
canines and the cingula are apparently variable, as has been 
explained aboVe in the description of the dentition. 
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The Field Yluseum specimens from Lake Coihue-Huapi 
agree fairly well mth this description and with the figures 
given. There is a certain amount of variation shown, but 
as stated above, we consider it to be entirdy wnthin the limits 
of a single species. The specific determination, however, is 
tentative and must await redescrlption of the origitial speci¬ 
mens for confirmation. 

Localities- Ameghino has given no localities for his speci¬ 
mens. Pi 3309 and P13528 were collected by Messrs, G, F. 
Sternberg and C. Harold Riggs south of Kilometer 145 near 
Lake Colhu^Huapf. Pi3296 was found by Mr. Sternberg 
at the south end of the lake near Kilometer 143, 

Notes ov the Entet-osychia 

Representatives of this suborder were abundant during 
the lime covered by the deposition of the Casa mayor forma¬ 
tion and constituted, to judge from Ameghino’s faunal list 
(1906, pp. 463-469), a fairly large element in the fauna. In 
the succeeding formations, however, they dwindled very 
rapidly both in numbers and importance, making up only a 
small fraction of the later faunas. Unfortunately, acquaint¬ 
ance with the early forms has hitherto been limited to Ameg- 
hino’s brief descriptions and to fragmentary specimens ob¬ 
tained by a very few European and American museums, 
Knowledge of this important group has been largely based on 
Ilomalodbtherium, one of the most peculiarly specialized of 
the extinct neotropical ungulates. This fact has not contrib¬ 
uted to an adequate conception of the suborder as a whole. 

In preparing the description of Pleurostylodon yve have 
had frequent occasion to make comparisons with the excelleut 
specimen of Ifomalodotheriiimf and with specimens of genera 
belonging to the Toxodonta and Typotheria, contained in 
the collections of the Field Museum. These comparisons 
have brought out a number of generalized characters common 
to the Entclonychia, which have, for the most part, been 
modified In the other two suborders. These generalized 
characters may be briefly summarized. Detitition: (i) The 
cheek teeth are comparatively low-crowmcd and hypsodonty 
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]$ not attained{ (2) cement Is never formed; (3) the transverse 
diameter of the upper molars is either in excess of the antero¬ 
posterior diameter (as in the majority of forms) or is ap¬ 
proximately equal to it (as in Homalodoth^rium), In no case 
is there any considerable lengthening of the crown due to 
marked prolongation of the ectoloph posterior to the meta¬ 
cone; (4) ever)'' tooth is functional ^ and the only ones that 
undergo any appreciable change are the canines and the third 
incisors. Skull: (i) The auditory region is of a generalized 
type with a small epitympanic sinus, porus situated rather 
low on the side of the skull; (2) the skull is orthocephalic and 
the basicranial region is relatively long. Feet: These are 
adequately known in Homslodotkeriuin only. In this genus, 
despite a great degree of specialization, there are five func¬ 
tional digits on each foot. 

The summary given above indicates that the Entelonychla, 
although including highly specialized forms, were a group that 
retained much of the original notoungulate heritage, a view 
that has been previously expressed by Gregory (1910, p. 375), 
and mentioned by Simpson (1934, p. 13) in discussing the 
homalodotheres. The Toxodonta and Typotheria include 
more adaptive forms In which habitus characters have affected 
the ancestral heritage to a greater extent. Inability to 
compete successfully with the more progressive members of 
these two suborders was probably a major factor in the early 
extinction of thcTsotemnidse. The peculiar specializations of 
the homalodotheres were almost certainly correlated with 
fossorial feeding habits. In this field of activity these animals 
appear to have had no competitors which may account for 
their survival so long after the disappearance of the iso- 
temnlds. 

Suborder Ttpotheria. Zittel 

IXTERATUERltm^ 

The family Interatheriidse has not hitherto been reported 
from the Casamayor formation but it is proposed to place in 

oaly tnOWn ID US U Ck^coth^um of thr HomnUQ^cherild^i a 

gcaui from ihe Iqwct PI loccac of Ar^tiLi na rtcenily d^ribed la a pudimin^iy way by 
Cabrera and KraglicYich {1951^ p. 2)+ Thh fornij iht laic recorded cutclonychian^ 
hai bit the jncdlan mdiort. 
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it the genus Notcpithecus^*^ which was formerly the type genus 
of the Notopithecidse, The transfer is based primarily on 
the position of the jugal, which Is excluded from the vicinity 
of the orbit and restricted to the middle of the zygomatic 
arch, a feature highly characteristic of the Intcratheriidae 
(Sinclair, 19^1' P- ^)- 

Notopithecus Ameghino, 1901, Plate V, figs, z-5; 

Text fig. 3 

The specimens at hand belonging to this genus are three 
in number, the palatal portion of a skull, Pi 3298, with part 
of one arch and the cheek dentition, including P^-M^, and 
two incomplete mandibles, Pi 47 s 8 and P14719, which, 
between them, exhibit the complete lower dentition. The 
species of NQtopitkicus are about one-third smaller than 
Protypotkfrium prsrutiiinn Ameghino, of the Santa Cruz. 

The skull (Plate V, figs, 4, 5) 

An incomplete specimen, Pi3298, comprising palatines, 
part of the palatal region of the right maxillary, and a portion 
of the right zygomatic arch is the only part of a skull in the 
collections. This fragment, small as it is, proves to be 
important, as it provides definite evidence upon which Noto- 
pithecus may be referred to the Interatheriidae, 

No maxillo-jugal suture can be detected in the preorbital 
region, the maxillary apparently forming the anterior rim of 
the orbit and also that part of the arch which is preserved. 
The zygomatic process shows a very distinct sutural area on 
its external side which could articulate with no element 
except a reduced jugal, such as characterizes Protypoikerium 
and InteTotkerium. This arrangement of the facial bones 

* ^licn this dcscnptiDn was written we CDnsickrrd, 2\meghii3Cip that the 

jpeciei drstribed bebw bcbjiged tg the genus Adfkkitm, Dr, Simponr howeverp 
Itmdiy inbrmed us fleiier lo E. S. Riggs, November % 1932) that JdptiA^fus ii a 
of NctQpMftm. The family Notopiihectda: thcrebre* actording to our 
Virwi, bciBiru^ Eynonymous with the InLcratheriidje. k is not by any ntcans oertainp 
howtiiYr, that all the g^cnera placed by Ameghino in the Notopithecidix can be referred 
ID the Inieratherildifr. This i^nluiion h moBi unfominaie, hut a* we a« in no poiitiDn 
to HettJe it the maiicar must be Ecft open, pending Dr+ Simp*anV revEgion of the fauna* 
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occurs, so far as is at present known, in no other group of 
indigenous South American ungulates. The infraorbital 
foramen is large and situated above the third premolar while 
the anterior rim of the orbit is over the fourth. The palatines 
are constricted by deep notches immediately posterior to the 
last molars, as in ProtypotktTium^ but the anterior border of 
the posterior nares is further forward than in that genus. 

The Maxuible (Plate V, figs. 2, 3) 

The horizontal ramus (described from Pi 4718) is the only 
part of the jaw that is preserved. The two rami are com¬ 
pletely fused, showing no trace of a suture, the symphysis is 
shallow, and the ramus is deeper at the posterior end. The 
ventral border is convex but shows no indication of the rather 
abrupt prominence below which is so conspicuous a 
feature of the Santa Cruz genus InteratkeTiutn, 

The Dentition 

Both upper and lower dentitions are brachyodont, com¬ 
plete, and in series. There are some difTcrcnces from the 
Deseado and later interatherids but these appear to be such 
as would be expected in a related but considerably earlier 
form. 

Upper deniition (Plate V, figs. 4, 5).—The upper incisors, 
canines and first premolars, as described and figured by 
Schlosser in Zittel’s text book (1913, p- 607, fig. 750), are 
simple, rather trenchant teeth with a slight median vertical 
groove on both labial and lingual faces. D is the largest 
of the series. The others increase in size posteriorly to P^ 
which is but little smaller than the first incisor. The first 
premolar is single-rooted. The posterior extremity of each 
tooth very slightly overlaps the anterior extremity of the one 
following. These teeth are shorter crowned than the corre¬ 
sponding ones in Frotypotherium. D and are relatively 
smaller than in that genus. P-I- is inclsiform In Notopithecus^ 
premolariform in Protypotherium. The second premolar in 
the Field Museum specimen of Notopitkeevs is longer antero- 
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posteriorly than transversely, the outline of the tooth is 
roughly triangular, the ectoloph is undulating and there are 
no cingula. The paracone is prominent and there is a con¬ 
spicuous para style, the two being separated by a rather 
shallow, vertical groove. The protocone is large, central in 
position and connected to the parastyle by a long, oblique 
protoloph, and to the posterior extremity of the ectoloph by a 
shorter metaloph. A fairly deep central fossa is enclosed. 

is a considerably larger tooth than and differs in pro¬ 
portions in that the transverse diameter is somewhat in excess 
of the antero-posterior. This condition prevails in the rest 
of the premolar-molar series with the exception of in 
which the two diameters are approximately equal. The 
parastyle is larger than that on the second premolar, and the 
vertical groove separating it from the paracone Is deeper and 
more prominent. The protoloph is long, oblique and slightly 
undulating; an anterior cingulum is present but is not well 
developed, A rather well developed and high posterior 
cingulum was undoubtedly present but on the specimen at 
hand this element has become joined by wear to the metaloph. 
The antero-external angle of P^, and also that of the suc¬ 
ceeding premolar and molars, slightly overlaps the tooth in 
front. The fourth premolar more nearly resembles the molars 
in general form than does P^. It Is considerably larger, 
subquadrangular in outline, and has a relatively greater 
transverse diameter. In structure it is very similar to the 
preceding tooth, the only appreciable difference being that 
the protoloph is rather less oblique. 

The upper molars are rather sharply distinguished from the 
premolars by their larger size, their quadrangular outline, 
the presence of a postero-internal cusp (except on M^^), a 
more prominent metacone, and the vertical groove between 
the parastyle and paracone, W'hich is much shallower than on 
the premolars, as is also the case in ProtypotheTiutn, On 
the transverse diameter is considerably in excess of the antero¬ 
posterior, the anterior cingulum is low and little developed, 
and no trace remains of the posterior, as on the premoiars. 
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The second molar la the largest of the series and is distin¬ 
guished from the first by its relatively greater antero-posterior 
diameter and by a deeper groove on the lingual side between 
the protoconc and the poatero-interna] cusp. This groove is, 
however, by no means deep on and hardly noticeable at 
all on AX-*-. This, together with the position of the postero¬ 
internal cusp which is situated on the posterior slope of the 
protocone and closely connected with it, has led the writers 
to suspect that, as on the molars of Noiostylops, this cusp is a 
pseudohypocone. This belief receives support from the fact 
that the entoconid of the lovver molars shears between the 
protocone and the supposed pseudohypocone. The third 
molar is slightly smaller than the second and has approxi- 
m a tely eq u a I antcro-posterio rand transversediam ete rs. The 
postero-internal cusp appears to be lacking, as the protocone 
slopes evenly upward to join the posterior cingulum without 
showing a trace of any elevation which might be interpreted 
as the cusp in question. The anterior cingulum is low and 
little developed. Traces of the posterior may be seen on 
of the right side in the small areas of enamel that are reflected 
over upon the grinding surface. 

Ameghino has figured an upper first molar of jV. secans 
{1904 b, p. 178, fig. 233) which is less abraded than those of 
the specimen under consideration. On this tooth the pos¬ 
terior cingulum is still distinct from the test of the grinding 
surface, and the structure of the central x^alley is fairly dear* 
An antecrochetj joins a crista from the ectoloph to enclose an 
anterOH^nernal fossette; a second crista and a crochet from 
the metaloph unite to isolate a posteroexternal fossette. 
From the combined crista and crochet a small spur extends 
anterointernally into the valley. It may be stated, Judging 
from the arrangements of the fossettes on the grinding 
surfaces, that the central valley structure of the molars, and 
also of the premoiars, of the specimen at hand (Plate V, fig, 4) 
was essentially similar to that of the tooth figured by Ameg¬ 
hino, with, possibly^ some minor variations on certain teeth. 
It will be apparent from the description that the upper molar 
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pattern of this genus U essentially similar to that of the 
Entelonychia. The same is true for other early typotheres 
figured by Ameghino (1904 t). 

Lower dentition (Plate V, figs. 2, 3 ; Text fig. 3), The 
following description is based upon the two mandibular rami 
previously mentioned. Specimen P14718 (Plate V, fig. 3) 
has lost the crowns of the first incisors, part of the crown of 
the fourth prcmolar and the third molar. Specimen Pi4719 
(Text fig. 3) has the series complete from the second prcmolar 
to the third molar inclusive. Both specimens are from 
young individuals which makes it possible to describe the 
crown structure in detail. 

The incisors are inclined forward, almost to the same 
extent as in Proiypotherium. In structure they are rather 
simple trenchant teeth, increasing in size from I^ to Ij as in 
Protypotherium. The crown of is missing; and ly are 
both rather deeply grooved on their lingual faces, the grooves 
imparting a bilobed appearance. Each incisor overlaps the 
succeeding tooth as docs the canine also. In the essential 
features of structure and proportions, the incisors of Notopi-^ 
ihecits arc similar to those of Protypotherium as described by 
Sinclair (1909, p. 161), differing chiefly in being shorter 
crowned. The canine is incisiform in structure and smaller 
than If. In Protypotherium these two teeth are subequal. 

In their progressive complexity from to Pj the pre¬ 
molars of Notopithecus demonstrate in a most striking and 
welcome manner the evolution of the typotherian lower 
molar. is a narrow and rather simple tooth which re¬ 
sembles the incisors and canines, but anticipates the complex 
molars in its fundamental structure. It is a cutting tooth 
with an irregular edge, composed of two large cusps, and a 
smaller one. One of these appears at the anterior extremity, 
a second at the middle, and a third, smaller one at the 
posterior margin of the cutting edge. The anterior and 
central cusps are joined by an external crest. The pos¬ 
terior is joined by a crest to the inner side of the central 
cusp. T'hc anterior cusp is the paraconid, the central the 
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protoconid, with which the metaconid is connate, and the 
posterior the hypoconid (Text fig, 3). There is a shallow, 
vertical antero-internal groove between the paraconid and 
the protoconid, a very slight postero-internal one between 
the proto-metaconid and the hypoconid, and an external one 
between the protoconid and the hypoconid. The internal 
grooves are the homologues of the anterior and posterior 
valleys of the typical notoungulate molar; the external groove 
is the one separating trigonid and talonid on the labial side. 
The important developments that take place on the suc¬ 
ceeding premolars, as they become progressively molariform, 
are the increase in size of the talonid which becomes larger 
from tooth to tooth, the appearance and upgrowth of the 



Text FiCr 3, (AmegliinQ) 

?i4W 


Crown vTtw of right ramus with 


AbbTVviatiocu: ctiI., efttoconid; fiyd,^ hypoGOtiid; mcd,.* metaoonid; pad,^ pari- 
conid; prd., protoconid. 


entoconidj the progressive widening ol the teeth and the 
divergence of the metaconid from the protoconid to form the 
metalDphid+ These changes^ both in a true tare and propor- 
tion^ are eKtremely well shown on the teeth described below. 

The second pretnolar closely resembles the hrsti differing 
from it in a few slight but significant features^ It is con- 
siderably larger than the preceding tooth in all dimensions. 
The metaconid, although ver small, is distinct from the pro- 
toconid; the heel is slightly longer and curved towards the 
lingual side. On P1471& (Plate V, fig. 3) this curved portion 
Is cuspidate- The third premolar is considerably more ad¬ 
vanced than either of its predecessors. It is broader through^ 
out in proportion to its length and the metalophid is enlarged 
transversely by the increase in size of the metaconidi T. he 
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anterior portion of the trigonid ia widened bjr the addition of 
a ridge which runs from the atitero-internal angle of the tooth 
to a point about halfwaj^ up the paraconid. The talonid ia 
very much broadened by the addition of the entoconid (the 
posterior pillar of the notounguiate lower molar) which 
appears for the first time in the posterior valley between the 
metaconid and the posterior extremity of the talonid. A 
hypoconulid cannot be detected if present being probably 
indistinguishably fused in the lophid of the talonid. The 
fourth premolar is very similar to the molars, the chief 
distinction being that the trigonid is slightly longer antero¬ 
posterior ly than the talonid, whereas on the first and second 
molars the talonid is slightl}' the longer of the two. Advances 
in structure over that of the preceding tooth are important 
but they are advances of degree and not of kind, as all the 
elements of the crown are present on P5. Premolar :j is 
very little longer than its predecessor but is wider throughout. 
The trigonid is slightly reduced in length, while the talonid 
is elongated and also transversely enlarged. The ridge on 
the anterior extremity of the tooth is better developed than 
that of P^, is united to the tip of the paraconid and forms the 
anterior horn of the trigonid (anterior crescent of some 
authors). The metalophtd has been considerably widened 
and the metaconid is now a conspicuous cusp on the ligual 
side of the tooth and higher than the protoconld. The ento¬ 
conid in this tooth is of considerable size and almost com¬ 
pletely fills the posterior valley. The crista obliqua, instead 
of joining the trigonid at the metaconid, now joins it midway 
between the latter cusp and the protoconid, an important 
structural advance. 

From the above account of the progressive complication 
of the premolars of otopitkecus it would appear that the 
paraconid and the incipient heel were first differentiated from 
the protoconid. The trigonid was then completed by the 
separation of the metaconid, after this the enlargement of the 
talonid and the addition of the entoconid followed. The 
development of the metaconid from tooth to tooth is not 
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particularly well shown m the specimens of Notopitkecus at 
hand. It appears to have been subordinated in the meta- 
lophid and to have become conspicuous only on P^. On the 
lower precnolars of an undetemiined, but evidently closely 
related typothere from the Casamayor beds at Punta Casa- 
mayor (P13439), the development of this cusp is much clearer 
as it remains distinct from, and posterior to, the protoconid 
throughout the premolar series (Test fig. 4), 



Ttrr Fjc, 4. Gen, «t ip, indet. Ciwrn view of left nmus. witi Pj-Mj-, if. 
Pi34J9. 

AbbKvtacJoiii as In Text Bg* j. 

The lower molars. differs very little from the last 

premolar. The trigonid is proportionately a little shorter 
antero-posteriorly and also somewhat wider than the talonid. 
The latter, in correlation with the reduction of the trigonid, 
is a trifle longer proportionately than that of P^. The slight 
decrease in size of the trigonid is brought about by the closer 
approximation of the anterior horn (paraconid -I- anterior 
ridge) to the metalophid or posterior horn (protoconid + 
metaconid), ivith the result that the anterior valley on the 
lingual side of the tooth undergoes some reduction. The 
paraconid is brought into closer contact with the protoconid, 
the two forming a stout pillar on the external side of the 
trigonid. The reduction in this genus is not carried so far as 
in the molars of NotostylopSt or of most toiodonts and ente- 
lonychians in which the paraconid is possibly suppressed 
entirely ^ or at any rate subordinated more than appears to 

^ It 19 of btcreii tiitc m tfet members of the earliest jw-ronii^tate family at preaent 
the bolarttic Paleoceoe and bwer Eocene ArcEtBt>Hopidt, the tri^nid of the 
lotttr molars ia mort reduiced than in any the later ^uik American genera. 

iipijp pp, 4JI; Matthew and Crangcr^ 1911, p. 1.) In fact, Simp&on 
([934, p. io) has given the ca^icmc reductiod of the anierior wlog of the irtgonid ns a 
character of the Notiopre^onta,. 
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be the case in Notopitkectis. The second molar is very 
slightly larger than and shows an advance over that tooth 
in the antero-posterior enlargeinent of the entoconid which 
sends forward a spur toward the metaconid, thus tending to 
close the posterior valley. This spur, together ivith the 
crista obliqua, isolates a small fossette at the anterior extrem- 
ity of the talonid (Plate V, hg. 3). Despite its enlargement, 
however, the entoconid docs not lose its high, conical shape. 
The last molar (Text fig. 3) is the largest of the series, the 
increase in size having taken place entirely in the talonid, the 
lop hid of which is considerably prolonged posterior to the 
entoconid, as in Noiostylops. A low crest connects the latter 
cusp with the posterior extremity of the lophid, enclosing a 
shallow pit at the postero-internal angle of the tooth. The 
entoconid docs not send a spur forward as it does on Mj. 
The tendency of the entoconid of the last two molars toward 
filling up the valley on the lingual side of the talonid illu¬ 
strates in a satisfactory manner the way in which this valley 
W'as closed in the later members of the Interatheriidse and 
in other families of the suborder. 

The lower premolar-molar dentition of Notopithecus is of 
interest from several points of view — morphologic, taxonomic 
and phylogenetic. The morphologic importance of these 
teeth in demonstrating the development of the typotherian 
lower molar has been described above- The taxonomic and 
phylogenetic significance lies in the tendencies of the teeth 
toward the interatherid type as shown by the later members 
of this family. In the crown pattern, they agree closely with 
toxodonts and entelonychians, but in form and proportions 
they resemble such genera as InUratkerium and Frotypo- 
tkerium of the Santa Cruz. If the trigonid and talonid of 
the two anterior lower molars of Noiopithecus are considered 
in their entirety, that is, in their form and proportions at the 
base of the crown, it becomes apparent that they roughly 
resemble two subequal triangles with apices pointing an¬ 
teriorly. This is precisely the appearance of slightly worn 
lower molars of later representatives of the Interatheriidae. 
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In these later hypsodont genera the crown pattern is shallow 
and the only structures that remain to demarcate the trigonid 
and talonid are the median grooves on the labial and lingual 
sides of the teeth, structures which persist through almost 
the entire height of the crown. In Noiopithecus these grooves 
extend nearly to the base of the teeth and so are deeper than 
the other crown elements. It seems probable that, as the 
teeth of the succeeding members of the family became hypo- 
sodont, the grooves lengthened with the crown while the 
other Structures of the grinding surface did not. 

From the foregoing observations it may be said that no 
feature in the lower dentition of the genus under consideration 
in any way prevents its reference to the Interatheriidse; on the 
contrary, certain points of structure indicate that this form 
is, structurally, an ideal ancestral type for the later members 
of the family. 

Rei.atioxships 

The restriction of the Jugal of Notepitkteus to the zygo¬ 
matic arch is direct evidence that the genus is a member of 
the Interatheriidse. The structure of the dentition, especially 
of the lower molars, offers considerable evidence in favor of 
the same conclusion. Ameghino (1905, p. 4(9) stated that 
the astragali of Protypotkenum and Adpithtcus (= Notopi- 
thecus) w’ere of the same type, and (p, 417) that the latter 
genus probably represented the starting point of the Pro- 
typotheriidse (= Interatheriidx). It seems probable that 
other genera of Ameghino’s families of Casamayor typotheres, 
when better known, will have to be transferred to the Hege- 
totheriidse or the Interatheriidse. The jugal of Notopithicuij 
judging from the specimen at hand, appears to be as highly 
specialized as in the Santa Cruz members of the family. The 
fact that this ver>' characteristic feature is present in a Casa- 
mayor genus indicates that the Interatheriids, and probably 
the other typotherean families also, had begun to diverge at 
a lime.prior to the deposition of the Casamayor beds. If, 
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a$ Schlosser has considered, this horizon is of upper Eocene 
age, the earlier divergence is not surprising. 

The complete and brachyodont dentition of Notopitkfcus 
does not display the somewhat rodent-like adaptations of the 
later members of the suborder and the same probably holds 
true of other Casamayor typotheres. Progressive characters 
such as hypsodent teeth and enlarged incisors were later 
dev'elopments. This is of interest in view of the fact that 
Notostylops^ which also appears to have been specialized along 
rodent-like lines, was abundant in the Casamayor fauna. 
The members of the Notostylopidae evolved an enlarged pair 
of incisors but did not acquire hypsodonty. It appears that, 
in the early Tertiary of South America, there was an adaptive 
succession of ungulates which, to some extent, paralleled 
rodents and occupied their place in the fauna. The first 
group to develop along these lines seems to have been the 
brachyodont Notostylopidx, which was replaced by the 
hypsodont, and probably better adapted, typotheres. True 
rodents made their first appearance, so far as is now known, 
in the Deseado but by that time the typotheres tvere fully 
specialized and successfully held their own.^ In Casamayor 
times, if Noiopithecus is a reliable criterion, the typical ty¬ 
potheres were entering upon their dental specialization while 
the Notostylopidas were still numerous. 

Species 

Six species have been described by Ameghino (including 
three which he referred to Adpithfcus), Of the specimens at 
hand, the skull fragment and the mandible P14719 are re¬ 
ferred to N, Sfcans (Ameghino, 1901, p, 355), mandible 
Pi47i8 to JV, reduncus (Ameghino, 1902, p. 8). 

’The Uier, 1'./. Pliocene and Fleit^De, rodentt puMride an tnlemung |jQst- 
Kxipt. During the*e period* gigantic genera, fueLrjemy/, etc, came iaio caiatence 
and very probably competed with the ungulate*, a state of affaire that hw ezuicd in 
aa other part the world aa far at the geolof ic lecgid at present shorn. Thus, 
notouagulaie hiitory, which opened with small {nembere of the order simulating and 
then competing with rodetiu, ended with giant rodents assuming the pmportuHU of 
the huger ungulate* and doubtless competing with them. 
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Mwitkcuemts 

Pi 3 a 93 

P* antero-poftenor dinmeter. 3,0 


transverw dkmeter, __ 3,0 

i.iitero-p 09 tcr[or dUmeter .. . . 3,0 

pi tJii]Q;¥er^ diHmeter. ____ p _ ^ ^ 

pi ajitcFP'^»ai:cnqr diimeur. ..-__ * . . , 3.5 

Pi crajttvcr^ diime^r. i p, , 4.5 

MoUr ieriet, !c£igtb+ + p. . 11.5 

intenvpotteriDr diAnuctfr. . .. 3.5 

traniv'erse diamcicx.. p ^ , p _ ,, ..... 5,0 

Mi jintero-postenor diamcier. |,o 

Mi trAnsverie dEameter. - p ^, p pp p» ,. p . „ . „p, 5,0 

Mi anteropoiteHor diameter,, pp p. * p p « p*.. ,p. 4^0 

Mi transverse diameter. ..._p 4.0 


ly anteto-poeterior dinmeter^p .. p.,. p 

ly imnjincnc diameter *■ _......_........ 

If anieitHpostcrior diameter. .. . ..... 

ly LTansvtrac diameter. ...................... 

ly dntcn>po«tcriar diameter. ................. 

ly traesvtisc diamctcrp p pp p , ^ __ 

Canineanttna-puterior diaincter.^. 

Canine transverse diamcter..p,.ppp. p.pp,, ,p. 
Premolar icrieir length...... ., ..p...pp,, .p, 

Pr anterO’^jQsterior diameter.. .^ . 
Py traasverK diameter.... ................... 

Py ontcro-poeterpor diameter ... 

Py tiaijsvcrse diameter..*..... ...........- 

Py antem-poflterfor diameter ....... 

Pj iranSVemc diameterp.,.. 

Py antero-portenor diameter. + 

Py transverse diameter... .. ^.p ^p.,.p p. p p.. p. p 

^tDLa^ series, lengib.. ................_.. . 

My aniem-pDstertor diameter. ........._... 

My tratiivene diameter... ______ 

My antero-posterior diameter ... 

Mj tranrverw diameter. * _............. 

My antcro-postCTwr diameter.. * _ ___ 

M, traBJvcTw dEametcr. 

^ Measurements taken from die root. 


JV, ireans JV. rrdunrsis 
Pt47i9 P1471B 

mm, mm. 


3 = 

2 .Z 

II 

4.0 
a -7 
13.5 
3-7 
a.j 

3-0 

6*0 

3 ^ 


IS 

IS 

J| 

3.0 

a.o 

2.5 

IS 

iJS 

3 - 0 
1*7 

3 3 
1,0 

IS 

4.0 

i^l 

J -7 

a-S 

4 - S 

j-o 


The me^surenieEtts glv^n by Ameghino for N* s^cans (1901^ 

p, 356) are: length of the upper dentition 33 mm., of the skull 
67 mm., depth of the mandible under 11 mm. The only 
measurement given for N. reduncus (1902, p. 8) Is the com¬ 
bined lengths of the first and second lower molars, which 
total 9 mm. 
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Localities .—^All the specimens of this genus here described 
were collected by Mr. G. F. Sternberg at the south end of 
Lake Colhue-Huapi. No localities are given for the speci¬ 
mens described by Ameghino. 




Amechino, F, 

1897. MADunifciu muzU de rArgentine, Deiiillme cenEnbutlQd a k kune 
mimmalpgique dct TOucbw I Pyrcihirium. BoL loiL Gco|r. 18, 
pp.40s^5i7p 

19QI. Nouc£ft pr^EfldiiaiFci inr dca oagulQ notiVERUX da teETftmi de 

Bol. Acad. Nac. ScL Cordoba, pp^ 349^ 

19^^- Noiicet pr^imutairci tur des maomiifcfe^ noLLV^BiLc dee teirami crctac^ 
de PatrLBonk, Bol. Acad. Xac. Sci. C6rddhai i j, pp. 5-75, 

19DJ. Nrievaa e^pecies de numlferoa MiltMi y tcrrkrLoi dc h Republica 
Ar^tma. Ab- Soc, Cient. .Ar^genunai 36^ pp. 193-208. 

1904^1. Tbc Bamc paper poBtiniKd+ Ibid., jTs pp- 162-175* 3®? PP- 

35-^1* ^35-291. 
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de« ongul«. An. Mus. Sac. Buenof Airw* {3), 3* pp. i-'54i4 

1905. Lt per^nkc^ aim^lioa oi toa mamHcm no ei iin caiaotcr op^inaria- 

mcBte priinitiva An. Mus. Nac. Bucaos Airetp (3), 4, pp. 349-4^. 
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PENROSE MEMORIAL LECTURE 


IS THE UNIVERSE RUNNING DOWN? 
W. F. G. SWANK 


dpril iS, /fljj) 


When the American Philosophical Society did me the 
honor of inviting me to deliver the Penrose Memorial Lecture, 
I was told that I was to speak upon the Second Law of Ther¬ 
modynamics; and, on enquiry, I found that I was also ex¬ 
pected to mak^t intelligible to those members of the Society 
and their friends who are not mathematicians or physicists. 
On learning this, I bethought me of the medieval custom of 
trial by ordeal in which the culprit could only win freedom 
by performing some painful and impossible act. I began to 
wonder what sin I had committed, who might be my heartless 
enemy who was thirsting for my blood, and In what unpleasant 
form he might be hoping to take it if I failed. Then, some 
element of mercy for me seemed to have penetrated the hearts 
of my judges; or, perhaps, was it mercy only for the audience, 
to spare them the horrible spectacle of my torments during 
the ordeal.? It was suggested that the title be changed to 
“Is the Universe Running Downf” The change has been 
made; but you will get the same speech in spite of that. 

If 1 should be asked to give a brief illustration of what, 
in its usual interpretation, the second law of thermodynamics 
means to the world of inanimate matter; and if, in order to 
bring It home to your consciousness a little more vividly, I 
should be allowed to extend it beyond the scope of its legiti¬ 
mate application, but perhaps within the scope of its spirit, 
then to our universe, with its molecules and atoms of dead 
matter,, with its worlds, its stars, and its galaxies rich in 
structure and in principles of control, I should add the 
world of animate beings, with all of its intricate laws of 
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government and of social structure. Standing beside me 
I should vision a cold and supercilious oracle who, in his 
Statements to me, symbolized what, for this combination of 
animate and inanimate universes, would be the analogue of 
what the second law of thermodynamics would have to say 
for the inanimate universe alone. Let me cite, in the form 
of A dream, my supposed conversation with this oracle who 
guards within his consciousness the laws by which the universe 
is governed. 

In my dream 1 saw much sadness around me; and I 
demanded of the oracle, “Cart not the world be made better 
and richer than it is?” 

“No,” said the oracle, “it is bound for the dogs.” 

“But,” said I, “may not a revolution occur which will 
improve the lot of those poor people whom I sec yonder, and 
the lot of humanity in general.^” 

“No,” said the oracle, “a revolution might improve, 
temporarily, the lot of the people you speak of, but it w'ould 
destroy civilization somewhere else to such an extent that 
the world, or the universe as a w'hole, would be w'orse off 
than it was before. Even the temporary' improvement in the 
people In whom you are interested would be but a passing 
phase, and their ultimate fate would be, if anything, hastened 
by their temporary good fortune.” 

“But,” said I, “can matters never improve?” 

^‘No,*’ said the oracle, “they can only get worse in the 
long run—^a house can fall down, but it can never build itself 
up again.” 

“But to pursue your own analogy about the house,” said 
I, “might not yon house In falling down fall upon that factory 
over there, and, by hittingone of the machines, knock into place 
a certain bolt which 1 happen to know was always out of place, 
and which has so far prevented the machine from working. 
If that machine were set working, might it not build another 
house more beautiful and possessed of more intricate structure 
than that w'hich was destroyed?” 


IS THE UNIVERSE RUNNING DOWN? 


219 


*‘Ah! itiy frierid,” replied the oracle, “there might have 
been a universe in which such a thing could happen, but in 
our universe, governed by the laws which I have written upon 
a scroll in my pocket, I can tell you that such a thing can 
never happen; or, at any rate, if it did happen, it would happen 
with a degree of rarity such as to render the thought of its 
occurrence of no significance.” “But,” the oracle continued, 
“Before we can continue this conversation with profit, we 
must pause and come to a little better agreement as to what it 
is we are talking about. Vou slated that the second house 
wrhkh was brought into existence by the fall of the first might 
be more beautiful than the first. Before I can talk with you, 
we must have some measure of structure or beauty. Now I, 
the oracle, have a measure of structure; and in terms of my 
measure, the net structure in the universe would be less after 
the first house had fallen down.” 

“But, my dear Oracle,” I interposed, “your measure of 
structure may be a verj' foolish one; and, in terms of my 
human intuitions, the actual structural content and richness 
of the universe may increase w'hile in terms of your measure 
it diminishes,” 

“To that I agree,” replied the oracle. “But the signi¬ 
ficant thing is this: in terms of my measure of structure, 
ever}''thing that happens in the universe tends to decrease the 
structure, ’iou and your fellow humans may disagree wdth 
me that the structure is really decreasing; but my continual 
decrease of structure leads to an end-point. I can tell you 
what that end-point will be, and even you and your fellow 
humans will agree that the end-point which I vision is the 
limit of chaos. I, the oracle, say that tve are moving towards 
chaos continually, Vou may not agree with me as regards 
the “continually,” because you may not agree ivith my 
measure of structure; but call my measure what you like—call 
it a figment of the oracle’s imagination, if you will—provided 
only that you accept the doctrines embodied in the laws of 
the universe w'hich 1 have in my pocket, you will have to 
conclude that the changes of the universe are tow'ards an 
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end-point in which yott yourself will admit that all structure 
has vanished. If you accept the doctrines to which I have 
referred, we may not agree as to the way In which we are going 
to the dogs, but we shall both have to agree that to the dogs 
we finally go.” 

*‘And what,” I demanded, “is this final state of the dogs 
to which you refer?" 

“It is one,” he answered, “in which all men shall be equal. 
There will be no kings, no presidents, no government. All 
men will be exactly alike. There wdll be no criminals and 
no very good men. Nobody wdll have any ideas, and it will 
be impossible for anybody to do anything which he has not 
done before. There will be nothing that anyone can do that 
every other cannot do. Nobody will have any ambitions or 
regrets.” 

“Weil,” said 1 to the oracle, “at least we shall be safe, 
secure, and stable,” 

“Yes,” said the oracle, “you will be very stable—you 
will be dead; for In this chaos, as I see it, your very life, 
cnerg)-, and potentialities for all action will be shared with 
so many things which now live not at all—with evet^' grain 
of sand on the sea shore—that the amount which will fail 
to the lot of anyone of you will be small indeed.” ^ 

.And then, in my despair, 1 implored the oracle to tell me 
'whether, consistent with holding to the doctrines contained 
in the manuscript in his pocket which he seemed to value 
so much, there might not be JOiMr way in which the chaos of 
which he spoke might grow once more to order. 

“Come,” said he with a malicious laugh, “I will show you 
the only way in which what you wish can be done.” And he 
took me into a desert where there "was nothing but barrenness 
and sand, “ Let us wait a while,” he said. And as vre waited 
a storm arose, and the sand vras blown hither and thither. 

• TTic ucbnical reader will here pircUut (he iavocaiioi] ef a sort of principle of 
of life which 1 tnvtskcd Itiio my iniabgA' for ptttpfSSes of lIliiEtratSod* 

A principle, ai courw, Inlcnded to liic of energr in the Inaniitiiie 

^tjry. 
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When the storm was spent, I saw before me a little pile of 
sand which the storm had blown there. 

“Look at that pile of sand,*' said the oracle. “Do vou 
think it very beautiful?*' 

“No,” I replied, “it is just a pile of sand," 

"Let us wait for another storm,” said the oracle. 

And we waited. Again the wind blew and the sand was 
scattered. W’hen all was quiet once more, I saw before me 
another mound of sand. “W'hat have you there?” said the 
oracle. 

“I have a mound of sand," said I. 

“Do you think it veiy beautiful?” asked the oracle. 

“No,” I replied, “it, also, is only a mound of sand." 
“But,” urged the oracle, “is it not of a shape different 
from the last.^” I agreed that it was. 

“Then let us tvait for another storm,” said the oracle. 
“But," I protested, “what are we trying to do?*' 

“W’e are waiting,” answered the oracle, “until, by acci¬ 
dent, the storm will some day blow the sand into the form of 
a cathedral, and by accident blow from afar such ingredients 
as mixed with the rain shall produce the cement which by 
accident may fall in such places as are necessarj' to cement 
the cathedral together and make a permanent structure.” 
“But,” I cried, “such a thing is impossible.** 

“No,” the oracle said, "not impossible, but (and he 
became inexpressibly cynical) highly improbable.” 

.And, as the oracle saw me meditating in sadness, Jxe said, 
"Come, my friend, I will tell you why all this is so. Before 
the sand and dust which made this desert were here, they 
formed the parts of beautiful rocks, and, for all 1 know, cities 
and buildings. In this form they were part of a rich and 
beautiful structure. Why that structure existed, I do not 
know; but this 1 do know—that the number of ways in which 
the grains of sand and dust can be arranged into beautiful 
structures is infinitesimally small compared with the number 
of ways in which they can be arranged to produce no structure 
at all. Now the principles which 1 have in my pocket tell 
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me that while the laws of nature do not object to the existence 
of beautiful structures if formed, the)' do not conspire to 
produce them to the exclusion of others. They have no 
preference; and when they get a chance to operate on a 
structure and produce another, they give equal opportunity 
to all structures, the beautiful and the barren. When they 
first operate to change a structure they do not necessarily 
produce complete chaos at once; but, little by little, they 
work in that direction, and always waiting in the distance 
of lime are those structureless forms outnumbering im’ 
measurably all those with structure. These swarms of 
barren forms await their share in what nature has to give them, 
They await their turns to exist. Each of them awaits in 
expectation for its little life. And, when nature has bowed 
to their wishes, her chance to find a way back to order is 
infinitesimal. She has left but the order of disorder. Change 
she may indeed produce, but the new thing she creates has 
but an infinitesimal chance of having any more form than 
that which it replaced.” 

And now we must say goodby to our oracle. His purpose 
has been to give us at the start of this lecture, and 1 fear well 
into the heart of it, a faint preview of the kind of story which 
it is our task to tell. We must return to the realities of 
inanimate matter exclusively and speak in language ap¬ 
propriate to the things which compose it. Before making 
the transition, however, I should like to show a simple experi¬ 
ment to illustrate the last remarks of our oracle.^ 

On the screen is a mechanical slide composed of red beads 
and colorless beads. The red beads are at the bottom and 
the colorless beads are at the top. For this reason the slide 
has a kind of structure, I wnll rotate the slide a few times. 
You will observe that the beads are now more mixed up. I 
will continue the rotation and now, as you will observe, the 
red and colorless beads are fairly evenly distributed. If I 
rotate the slide a few more times, you will not doubt but that 
the beads will then occupy positions entirely different from 

* TTie .natunt of tfl-C CXpcflincnt ht;rc shown H'ltl be- aufficstlllJy'obvioua from tfltf lUL 
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those which they occupy now. Yet, I suppose you would 
be very surprised if in that new arrangement we found all 
the red beads once more at the bottom and the colorless ones 
at the top. And yet, why should you be surprised, for I may 
as well tell you that that particular arrangement is as likely 
as any other one—the present one for e.vample? You are 
surprised because, Intuitively, you have sensed In this case 
the point which the oracle was trying to bring out. The 
number of ways in which the beads may be rearranged to 
look verj' much as they look now Is enormously large com¬ 
pared with the number of ways in which they can be arranged 
with all the red beads at the bottom and the colorless beads 
at the top, in spite of the fact that the number of ways of 
producing different arrangements of that kind by inter¬ 
changing the red beads among themselves, and the colorless 
beads among themselves, is ver>' large. There is always a 
chance that when I rotate the slide a few times more I shall 
find all the red beads at the bottom and all the colorless ones 
at the top, but the chance is infinitesimally small. You may 
be interested in knowing what it is in the present instance. 
The slide contains 70 red beads and 70 colorless beads. 1 
have calculated that if T go on mixing them and then examin¬ 
ing the result, I shall have to go through the operation on the 
average about—and here 1 have no name for the number of 
times because it has 140 zeros after it—before realizing a case 
where all the red beads are once more at the bottom and all 
the colorless beads are at the top. It took me but few 
mixings to create disorder out of order, but to create order 
from disorder requires untold mixings. Wide and many are 
the roads which lead from order to chaos; but narroiv and few 
are the paths from chaos to order, and few there be who find 
one. 

The second law of thermodynamics had Its origin in the 
study of heat. It was preceded by what is known as the 
first law of thermodynamics which is frequently regarded as 
an extension of the principle of the conservation of energy 
to those processes in nature which involve the production or 
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utilization of heat. Those members of my audience who are 
specialists in physics or allied fields will not require that I give 
them a definition of the meaning of kinetic and potential 
energy, and they will understand and forgive me, if, for the 
benefit of the others, I speak rather naively about these 
concepts where the naivetes are more or less irrelevant, even 
though I speak with sophistication in other parts of my 
discourse where the matters concerned are significant, Tt 
will suffice then to say that a body, or a machine, or con¬ 
traption or assemblage of contraptions possesses energy if it 
possesses the power to impart motion to other bodies. It 
may possess energy in virtue of its own motion—kinetic 
energy as we call it—for then by impact with other bodies it 
may impart motion to them. It may also possess energy on 
account of Its state, as is the case with a coiled spring which, 
though quiescent, shows when released that it possesses 
very much power to communicate motion to other bodies. 
The spring possesses potential energy. In the general case, 
any system, taken at random possesses both of these kinds 
of energy—kinetic and potential. When the physicist has 
sensed in the crude form new concepts such as kinetic and 
potential energy, he proceeds as quickly as possible to Invent 
some “yard stick," in terms of which he can make measure¬ 
ments of them, just as a golfer proceeds to measure the 
efficiency of different players by measuring for them some¬ 
thing which he calls a “ handicap.” Now In terms of the 
measurements which the physicist had invented for kinetic 
and potential energy. It turned out that most of the simple 
processes of nature went on in such a way that if we con¬ 
sidered the system as a whole, its potential energy might 
change into kinetic energy or vice versa, but the sum of the 
two always remained the same. The total energy w'as 
conserved. An example is to be found in a mass tied to the 
center of a horizontal piece of elastic. If the mass is pulled 
to the right, in the direction of the length of the elastic, and 
if it Is then released, it w'ill vibrate back and forth across its 
mid-point. At the instant w'hen the mass is at its extreme 
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right, and is just about to reverse its direction of motion, its 
vdocity is aero; and, it has no kinetic energy, although at 
this instant the elastic is stretched to its maximum degree, 
and possesses much potential energy. On the other hand, 
when the mass is passing through its mid-position, the elastic 
is unstretched, and so possesses no potential energy; but the 
mass is now moving at its fastest speed and possesses much 
kinetic energy. In the intermediate positions there is a 
mixture of kinetic and potential energies, but In the example 
quoted the sum of the two remains constantly the same. .Vt 
least this would be so if there were no friction, But alas! 
as you w'ell know, there is friction, and you know that, as a 
practical fact, the mass would not go on vibrating forever. 
The sum of the kinetic and potential energies—the total 
energy of the system—mass and elastic—would diminish with 
time. Now, it is possible for you to trace in a reasonable 
manner the loss of some of this energj’', for the air is moved 
by the motion of the mass. But if you perform the experi¬ 
ment in a vacuum, you will still find that the motion of the 
mass will die down in lime. You will attribute this fact, 
and quite correctly, to the friction in the elastic itself. But 
then, I begin to wonder whether the elastic has anything to 
show for this loss of energy which it has somehow or other 
demanded and collected in virtue of its friction. If I look 
at it at the end of the experiment, it will look just as it did 
before. If I examine it sufficiently carefully, however, I 
shall find that it has been slightly warmed. We say that 
heat has been produced in it by the friction. Now, one of the 
outstanding advances of the last century was made when it 
was realized that whenever energy, in the more obvious 
forms of observable kinetic and potential energy, appeared 
to vanish, heat was produced somewhere as a result; and, 
moreover, it was possible to derive a method for measuring 
this heat, independent of the way in which it was produced, 
and such that when measured in this manner the heat pro¬ 
duced was the exact equivalent of the energy which appeared 
to have been lost. Before this time, heat had been thought 
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of as a kind of substance^ a fluid which could be forced into or 
out of matter, and which was itself conserved and unconverti¬ 
ble into anything else. Now, however, the mind began to 
sense this apparently mysterious thing ^"heat” as really a 
thing of no mystery. It itself was merely a form of energy, 
and was. In fact, in large part nothing more than the kinetic 
energies of the individual molecules and atoms. Wicn a 
system appeared to lose energy and so get hot, there was no 
real loss of energy. The energy of the big things of the 
system, the wheels and springs and masses, was simply 
transferred in part to the little things, the atoms and mole¬ 
cules, where it existed in the Y^ry definite form of their 
kinetic energy, for the most part, but in a form more difficult 
to get hold of and use than w'as the form in which it existed 
in the wheels of the machinery. 

And so we started to took longingly at all the energy re^ 
siding in apparently useless form in the atom and molecules. 
Could we not gel it back again into the wheels of the ma- 
chineiy ? It was not lost. There it was in the molecular 
motions. But must it exist forever in idleness with no more 
purpose than to make the molecules dance about.^ Think 
W'hat a wonderful thing it would be if we could only get all 
that energy back into service. At present, when wt run a 
train from Philadelphia to Chicago, wc burn up about sixty 
tons of coal. When the train has arrived at Chicago, it has 
sensibly the same potential energy as it had In Philadelphia, 
since Chicago is at approximately the same altitude as 
Philadelphia. Even though the train has scaled a mountain 
on the way, it has descended again by the time it has arrived 
at Chicago. It had no kinetic energy just before it started, 
and it has none when it is brought to rest In Chicago. What 
has become of all the energy provided by burning the sixty 
tons of coal. In the first instance, some of It went to boil 
the water in the boilers. The steam pressure made the engine 
run, and some of the energy went into that process. A large 
portion of it went simply to heat the condenser of the steam 
engine. But even the part that went to run the engine finally 
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became converted into heat in the friction associated with 
running the train, in the operation of the brakes, and so forth. 
In fact, practically all of the energy supplied by the sixty 
tons of coal finally went into that particular form of energy 
which is called heat—into molecular motion and the like. 
If Only we could collect it in some way and make it function 
again, we could run the train back to Philadelphia without 
using any more coal. In fact, if we could do this kind of 
thing, we could make our trains and much of our machinery 
run forever wdth but one initial supply of energy. There 
would be no violation of the principle of the conservation of 
energy. No energy has evaporated into nothingness as a 
result of the train’s going to Chicago. If this kind of thing 
could happen, most of our iranspcrtational and mechanical 
operations would involve nothing more than the continual 
transference of energy from one form to another and back 
again with the accompanying happy state of affairs for our¬ 
selves that we got where we wanted to go and did what we 
wanted to do without payment of anything. Now, our 
experience gives us the suspicion that we cannot do this kind 
of thing, and that something is w-rong with any assumption 
to the effect that we can. But what is wrong? The pro¬ 
cedure does not violate the conservation of energy. It does 
not “cost anything*' in the long run, in the form of disap¬ 
pearance of energy, to do this kind of thing. If I should 
inquire of Nature as to why I cannot do this thing which I 
should so much like to do, Nature would probably answer me 
thus: “My laws are more restrictive than the conservation 
of energy. They require that conservation of energy shall 
be obeyed, but they also require other things. Just because 
you keep your energy bank book balanced that does not give 
you the power to do anything else you please.” 

“But how,” 1 demand of Nature, “am f to know ivhat 
things of this kind are impossible?” 

And Nature says, “If you could see all the detailed actions 
which are taking place in my realm, you would see for yourself 
which things are forbidden. There would, in fact, be no need 
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for forbidding^ These things could just not happen. To 
attempt to see the matter in this way would be too compli¬ 
cated. If I were to attempt to tell you all of the individual 
things which w'ould fail if you tried them, the talc would be 
too long, and you would not see much connection between the 
parts. However, I find that by making ore decree, I can 
settle the matter for you. There is just one thing which I 
tell you you can never do. 1 know that I need say no more, 
for I know that, without violating that decree, you would 
never be able to do any of the thousand-and-onc things you 
want to do, and 1 don't w'ant you to do," 

That one decree is the Second Law' of Thermodynamics. 
It places a restriction upon the ways in w'hich work can be 
obtained from heat. It looks as though the second law of 
thermodynamics was invented in the Garden of Eden, when 
the Deity said to Adam, “In the sweat of thy face shall thou 
eat bread.*’ The example which 1 ha^'c already given—the 
impossible process of collecting all the heat generated by 
friction, etc., and converting it back to work—is a rather 
complicated illustration of a process which could be seen to 
be impossible by means of the second law of thermodynamics, 
and I only cited it on account of the spcciacularness of its 
nature. It Is not easy to state, in non-technical terms, just 
w'hat the second law' of thermodynamics is, but I shall try to 
illustrate the essentials. 

In the first place, it is necessary for us to heed the school¬ 
master’s warning to all beginners in physics concerning the 
necessity of a careful distinction between temperature and 
heat. Speaking crudely, temperature is a measure of the 
degree of hotness of a substance. Now a cup of boiling 
water and a barrel of boiling w'ater are equally hot; but, it 
obviously took more heat to raise the barrel of water to the 
boiling point than was necessary for the cup. 1 think 1 need 
say no more than that to recall to you the distinction between 
temperature and heat. Physically, this heal is nothing more 
than the energy of the ultimate individual entities of matter’s 
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structure, such as the molecules of the heated body, and our 
problem concerns how we are to be able to get it out of the 
heated body and make it do something* If we say we can 
never make this molecular kinetic energy do any useful work 
we are wrong, because a steam engine works by making use 
of the molecular energy of the hot steam. But if we say we 
can always use molecular energy for useful purposes, we are 
wrong; for, if we could, there should be nothing to prevent 
us from draining all of the molecular energy out of the earth 
by cooling it to absolute zero, and then using it to run all of 
our machinery. It would finally go back to the earth again 
in the form of molecular energy when, as a result of the 
friction In the machines, it had become degraded back to the 
molecuiar form. Then when it had gone back into the earth 
we could proceed to use It again. The earth would be as 
good as the wldow^s cruse of oil of biblical fame. 

Now when we come to ferret out just how and how not, 
when and when not, we are able to utilize molecular energy^ 
w'e find that the whole question boils down to this: We can 
get the molecular energy out of matter in a practically useable 
way ^ only provided that we utilize at least two pieces of 
matterj one colder than the other- Then we must take heat, 
Le. molecular energy, from the hotter body, but we must not 
use all of it; we must pay a tax to the body of lower tempera¬ 
ture. The laws of nature make the inanimate world like a 
conglomeration of philanthropists of varying degrees of 
wealth (symbolized by the temperature in the case of the 
inanimate things), and characterized by the fact that you 
can get a donation from one of these philanthropists for a 
desired purpose, provided only that you promise to give 
some of the donation to one of the poorer philanthropists. If 
you iry to get money from the philanthropists in any other 
way, Nature conspires to block your operations so that you 

> I uise hm tic dnigiiAtion '^prtcLccaHv ray" as a ^ymb&l of pnDce»cfi 
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can only do it once*^ Every transaction is thus accompanied 
by a kind of sales tax; and tills tax is terribly high. In the 
case of an ordinary" steam engine, it amounts to more than 
seventy per cent of the energy transaction involved. In the 
inanimate world, Nature seems to like to utiliste every activity 
for the purpose of helping the poor (symbolized by low tem¬ 
perature bodies) at the expense of the rich. 

Speaking crudely, we may say that Nature likes to 
equalize temperatures. Everybody knows that Nature likes 
to equalize the temperatures when two bodies of different 
temperature are placed in contacts W'e should be v^ery sur-- 
prised if, under such conditions, the hot body became hotter 
and the cold one colder. But the spirit of the second Uw of 
thermodynamics is to the effect that, even in the more subtle 
processes where heat is transferred between bodies through 
the medium of work, Nature likes to equalize temperatures 
as a result- Nature is like human beings. Human beings 
will permit sections of society to exist in different states of 
prosperity, but whenever she gets a chance in the form of a 
re\"olution, things so arrange themselves that the revolution 
reduces the disparity.^ And so. Nature will allow things to 
exist at different temperatures, provided that we take pre¬ 
cautions to guard them from loss of heat by such processes 
as conduction; but, if we give Nature a chance by starting 
anything, she wWl take advantage of it for the purpose of 
making the temperatures of the various things more nearly 
equal than they were beforep The second law of thermo¬ 
dynamics, which symbolizes the foregoing principle, is thus 
the most politically radical doctrine in the universe. 

The second law of thermodynarnics expresses itself by 
denying the possibility of processes which do not conform to 
a certain crlterioni It tells u& what we cannot do. Our 

i 1 im here dtm^ an aiia|o£U« TO llic case whm, cjLaniFile, 1ft a ty^tem all at 
one tcmperatujv iDitially-, onne couEd obiaiQ vi-ork by aEb-mns a jae to eipand and m 
cool, hut wuld not |rt die lyttcm back w liA ongiqal eute with a net flccomisltBliineiit 
of Wort as a refultr without uiilizicig the principle of transference of some heat from 
1 warm body to a colder one. 

this analogy' mu« not be pc«$i«d too far; for human bcingft vxm to 
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laurels earned bj' obedience to it are like the laurels of the 
saints, who appear to have been canoniiced for the most part 
for what they avoided doing. But it so happens that a 
sufficiently comprehensive statement of what cannot be done 
sometimes implies a statement of what can be done. If we 
knew the complete mechanism of the universe in all its parts, 
the second law of thermodynamics would not, of course, add 
any information; but, when we do not know all about the 
processes, the second law' can tell us something. Thus we 
know that water expands when it freezes; and, knowing this, 
we can deduce from the second law of thermodynamics that 
the melting temperature of ice must be lowered by subjecting 
the ice to a pressure. This result is, of course, well known 
as an experimental fact. When we squeeze a piece of ice, it 
melts, because its temperature, which was low enough to keep 
it frozen before the pressure w'as applied, is no longer low 
enough after the application of the pressure. However, 
apart from our experimental know'ledge of the fact itself, it 
is by no means an obvious thing that the melting temperature 
of ice should be lowered by pressure. The opposite is true 
for wax. Without delving into the realms of atomic struc¬ 
ture, we know far too little to see “just why*’ the melting 
point of the ice is lowered. The second law of thermody¬ 
namics relieves us of the necessity of knowing all about the 
process. It tells us the answer without our going through the 
complication of seeing “Just why.” It may appear a very 
trivial piece of information that the second law has given us 
in this case. Yet, if the melting temperature of ice had 
beecn raised by pressure; or, even if it had been lowered, but 
by an amount different from that predicted by the require¬ 
ments of the second law of thermodynamics, 1 could take all 
the heat out of everything around and make myself a million¬ 
aire. It w'ould then be possible, in principle at any rate, to 
construct a machine which would continually perform work 
by simply cooling everything that there was to cool. We 
could drink the heat out of our poor old earth, out of the sea, 
and everywhere, and could go on running our trains and 
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street cars with the energ}' thus made available. Just as 
now we use the earth’s coal, so, under these conditions, we 
could use its heat. I do not refer to the use we could make 
of its internal heat, owing to the fact that the inside is hotter 
than the outside. We could use that part quite in harmony 
with the second law of thermodynamics, the only difficulty 
being in getting at it. I refer to the heat which, under the 
postulated conditions, we could obtain from the earth even 
though all of it were at the temperature of its exterior. We 
could obtain a good deal of power in this way. We could 
obtain about ten thousand million horse power for ten 
thousand million years. Moreover, when we had used the 
heat once, and it had gone back to the earth, we could use 
it again. But, while the second taw does not tell us the details 
of all Nature’s workings, she tells us that we cannot do any 
such thing as this. Only by equalising the temperature 
differences around us can we devise practical schemes for 
converting heat to work. As long as we have bodies at 
differtnt temperatures, we can convert heat to work. If we 
have only a few hot bodies, we shall soon exhaust our pos¬ 
sibilities in this respect, because the hot bodies will become 
cooled and the cold bodies warmed by the operation of the 
very processes we use for converting the heat into work; and, 
when all differences of temperature have been wiped out, 
our possibilities come to an end. 

The second law of thermodynamics rests upon the fact 
that all the consequences which It has predicted have been 
found to be true experimentally. It is like a race-horse 
tipster. It lives on the truth of its former predictions. It 
will only continue to live so long as its predictions continue 
to be in harmony with the facts; but it has made such a lot 
of true predictions in the past that we have become accus¬ 
tomed to trust whatever It predicts when it predicts new 
consequences. 

When one has formulated the law of gravitation for the 
motion of the heavenly bodies, it is possible to see in terms of 
it just why the planets behave as they do; and, during the last 
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ccntur>', a good deal of thought was expended in an effort to 
see just why the second law of thermodynamics should hold 
—to see just what detailed story of the atomic forces of 
Nature could be responsible for this tendency of matter to 
seek always to equalize temperatures, not merely by the 
processes of conduction of heat from the hot to the cold, but 
by other processes as well. The mathematician got busy and 
showed that this tendency to equalize temperatures was the 
same storj', but in other words, as one which ^vould say that 
Nature is trying to progress in such a way as continuously 
to make a certain quantity greater, . That quantity was 
called the Entropy. It was ik)ssible for the mathematician 
to calculate quite definitely in terms of such things as the 
pressure, temperature, and so forth, of any particular part 
of the universe, w'hat the value of that mysterious quantity, 
the entropy, was, which had such a desire to become as great 
as possible. The quantity itself was not a very familiar 
looking thing in terms of our ordinarj" concepts. It was not 
like mass or velocity, or any one of the things we meditate 
upon in our every-day thinking. It was a sort of combination 
of these familiar things. But after all, we have no reason to 
be alarmed at that. For, if you should make, in precise 
terms, a definition of a golfer’s handicap, it would seem a 
rather complicated and abstruse thing to one who was not a 
golfer, N'e%"ertheless, it is a verj' useful thing in golf. It is 
the thing which has useful properties in telling part of the 
story of the activities of the golfer; and so this entropy w-as 
the thing which had the useful properties in the science of 
thermodynamics. Nevertheless, having admitted this new 
concept into the subject, the mathematicians and physicists 
still continued to try to sec by an appeal to the more detailed 
mechanisms of atomic processes, just why this quantity 
should ha%'^ such an ambition to grow and grow in the 
universe. And the more the mathematicians thought about 
the matter, the more perplexing the problem became; for, 
without pinning oneself too closely to any particular form of 
atom theory or fundamental laws, it seemed that almost any 
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of them would have no more desire to persuade the entropy 
to increase than to decrease^ A simple illustration of the 
processes in this connection may be obtained by considering 
the case of the solar system j and it will be a little better if we 
complicate our ideas a little by laying a little more stress upon 
the features concerned with the mutual pertubations of the 
planets than is done, so that we picture a situation in which 
the orbits of the planets do not repeal themselves with 
perfect regularity, but on account of their mutual perturba¬ 
tions, go on changing a little from year to year. As a matter 
of fact, we do not have to apologize for this extension of 
ideas. It Is really no extension at all. Tt is actually hap¬ 
pening, only to a very small degree. The smallness need not 
worry us, we have plenty of time to watch it, and let us go on 
watching it. Suppose now at some instant we should sud¬ 
denly reverse the velocity of every individual body, planet, 
satellite, comet- Then, the laws of gravitation tell us a 
remarkable thing. They tell us that the whole history of 
the solar system will re-describe itself backwards, and in 
every detail. In fact, as far as the laws of astronomy are 
concerned there is no more reason why the system should go 
through a sequence of changes in one direction in time than 
that it should go through exactly the same sequence in the 
reverse direction. The feature "which is responsible for this 
state of afifairs is, moreov'er, not particularly characteristic 
of the law of gravitation, but is characteristic of almost any 
set of laws of the kind we had been accustomed to think of in 
physics, no matter how complex the laws might be. Thus 
if, with laws of this type, we should vision a set of molecules 
composing various pieces of matter which were originally at 
different temperatures and have shared their heat so as to 
be now at the same temperature, and if then we should 
suddenly reverse the velocities of all the molecules; or, more 
precisely, every’ part of the molecules which has motion, it 
would seem as though everj'thing, every state and event, 
should take place backwards in time, so that the bodies 
would proceed to acquire a difference in temperature. The 
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kettle which was put on the fire to get hot at the ejtpense of 
the fire becoming cooled, would, under these conditions, 
become cooled once more and heat up the fire. 

An equally remarkable situation is encountered by con¬ 
sidering the well-known case of a box divided into two halves 
by a partition. The right-hand side is evacuated and the 
left-hand side is filled with air. I now punch a small hole in 
the partition and the gas rushes through the hole until both 
halves are equally filled, and then the process stops. You 
are content— 1 am surprised. One of the differences between 
the physicist and the layman Is that the layman is apt to be 
confused and surprised when the physicist is happy and 
contented w'ith a situation, while the physicist is surprised 
and worried when the layman sees no earthly reason why he 
should be worried at alt. And so I invoke my professional 
prerogative of being surprised that the gas always shows a 
tendency to equalize itself, and never shows a tendency 
which would result in the equalized gas getting restless to the 
extent of causing all the molecules on one side to leave that 
side and go into the other side, like rats leaving a ship. Of 
course, I have no right to be surprised that there is no demon 
w'ho takes it into his head to reverse the motions of ail the 
molecules now and again, \\Tiat surprises me is that none of 
these reverse processes seem to e,xist spontaneously in Nature, 
since the ordinary physical laws we have been accustomed to 
think of, even with a wide range of possible extensions in their 
form, have no preference against these reverse processes. 
And so the physicist has been compelled to admit to himself 
that, wnthin all reason, these reverse processes can occur, and 
do occur; and yet he has to see a way in which they do not 
result as a practical fact in what would appear to be absurd 
results in the light of our experience. The key to the dilemma 
seemed to reside in the principles exemplified in the example 
which I showed earlier concerning the red and colorless beads. 

I started with the colorless beads on the top and the red 
beads below. On shaking them, I have gotten them into 
their present state of more or less equal distribution, If I 
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shake them again, I shall be surprised if they do not look very 
much as they are now* Vet, ever)' rime I shake them I 
redistribute them, and give them one of the many oppor¬ 
tunities which exist for their taking another distribution. 
Among those many opportunities is that one which takes 
them back to the state where the colorless beads were on top 
and the red ones below, but 1 shall be very surprised if they 
find that pattern. Every time I shake them, I change them, 
but, of all the opportunities which exist for them on such a 
change, so many take them to another state in which they 
are mixed up in a manner which, as regards its essential char¬ 
acteristics, is the same as that in which they now are, that 
the chance of their getting out of this state is infinitesimal. 
The beads are something like a man in a ma^e. He tries 
once to get out and fails. He tries again and fails. There 
are so many ways in which be can try and yet stay more or 
less where he is, and only one way in which he can get out, 
that he may remain in the maze a long time. ’\'et, there is 
no difficulty in getting into the maze. He does that on the 
first try, just as I mixed up.the beads from a state of order to 
one of chaos without any difficulty at all, 

.4nd so, our difficulty in the matter of bodies which are 
at the same temperature not starting to diverge in tem¬ 
perature, is not to be solved by denying the possibility that 
they can do so, but by emphasizing the fact that when they 
make any change, the path they take Is so enormously more 
likely to bring them to another state in w'hich their tempera¬ 
tures are still the same than it is likely to bring them to any 
other state, that the chances of the realization of such other 
states is infinitesimal. It may be of interest to cite once 
more the case of the box with the partition, and to emphasize 
that the reason that the molecules distribute themselves 
throughout the two halves equally, rather than in one half 
of the bo.x only, is bound up with the relative chances of 
occurrence of the two states. I must not attempt here to 
define my terms too precisely, since to do so would require 
a long digression for that purpose. It will be sufficient 
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for the spirit of the matter to quote a statement cited by Sir 
Arthur Eddington which I shall paraphrase slightly, to the 
following effect: “Suppose that a number of moniccya are 
provided with typewriters and are allowed to play upon the 
keys as suits their fancy, turning out pages and pages until 
they have finally typed as many letters as there are letters in 
all the books in the British Museum. Let us then bind these 
writings of the monkeys into volumes. The chance that the 
letters will fall in the necessary order actually to reproduce 
word for word all the books in the British Museum is enorm¬ 
ously greater than the chance that in the room in which you 
are sitting, for example, all of the molecules will be found at 
some instant in one half of the room. The same principles 
would apply in lesser degree to a number of people seated in a 
large auditorium. The number of ways in which w-e can 
redistribute them on the chairs is much larger if they occupy 
the whole auditorium, than if they crowd themselves into 
half of it. Yet, I surmise that if there is a conjurer on the 
platform, they will all be found in the front half if they can 
get In. May there not be something like this in Nature. 
When I spoke of there being many more paths from order to 
chaos than from chaos to order, I only intended to imply 
that such inigki be the case. It must certainly have been so 
in the case of the beads. What is certain is that there are 
enormously more states of chaos that there are states of 
order. There are enormously more ways in which the red and 
colorless beads can be arranged and re-arranged and still 
stay mixed than there are ways in which they can be arranged 
and re-arranged with all the colorless ones at the top and the 
red ones at the bottom^ but the number of ways in which a 
system can be re-arranged so as to remain sensibly the same 
as it was before is not necessarily indicative of the number of 
Opportunities for it to make the re-arrangements. If you 
should distribute all the dollar bills equally among the people 
in this country, the number of ways in which by interchange 
of dollar bills you could keep the distribution of wealth un¬ 
disturbed is enormously great compared with the number of 
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ways in which the dollar bills could be re-disiribuied among 
different people so as to retain the relative distribution of 
wealth which we now have, in spite of the fact that we do not 
in our different distributions limit ourselves to the cases 
where the samt? people are always wealthy* Yet it does not 
result as a consequence that wt find equal distribution of 
wealth. The reason is that the Jaws which govern the flow 
of wealth tend to favor the accumulation of wealth un- 
equally. Indeed, the fact that if we started with an equal 
distribution of wealth we should soon realize an unequal 
distribution is very closely analogous to a situation which we 
would have if bodies originally at a uniform temperature 
made distribution of their heat in such a way that some of the 
bodies became very hot at the expense of others being very 
cold.^ 

And so it was necessary for the physicist to commune 
with himself as to whether he could gather from the laws of 
Nature, as he knew' them, enough to lei! him that the prob¬ 
ability of the existence of a state as measured by the number 
of ways in w'hich It could be realized was really a measure of 
the chance that the system would get into that slate* It is 
rather difficult to say in reasonably non-technical term^ just 
how^ the physicist set about this, but I will do my best. 
Suppose, as an analogy, 1 imagine our solar system changed 
about* It is possible, in imagination, to take the elements 
wrhich composed it, the comets and the planets, and set them 
off in other orbits, with the earth in the orbit of Halley's 
comet* for example!, or in some possible orbit which does not 
happen to be occupied by any known comet; and to make 
corresponding modifications in the roles of all the other bodies. 

I can have the moon going around the sun on its own account 
in a more independent manner than as the sert-^ant of the 

* Fw tbe of ttwMC who m ihc subject, I wmEd cmphaiiu 
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earth. It is to be supposed, however, that in this new ar¬ 
rangement of the heavenly bodies, I adjust matters so that 
the total energy is the same as before. The new solar system 
which we produce may be called a new possible state of the 
entities contained in the old one. I may perform this trans¬ 
formation again, and again, and in fact a very large number 
of times, and then contemplate this spectacle of millions of 
solar systems all the same as ours In the sense that they con¬ 
tain the same entities, but all in different states. I shall 
suppose that in this galaxy of states which 1 picture, I include 
a representation of every possible state which the elements 
of our solar system could exist in, subject only to all the 
states having the same energy. And now, if I am interested 
in discussing the kind of way in which the solar system 
changes spontaneously with time when in any one of its 
states, I have the whole picture before me, in the sense that 
there is a representative of eveiy^ state which can exist. Like 
Joshua, I have commanded time to stand still so that I may 
look at the solar system for an instant; but I have improved 
on Joshua, for I have demanded that at one and the same 
time I may have a look at the solar system in each of the 
configurations which in Its whole history' it can occupy. 
Having had this vision, let time start moving on once more. 
Each of our pictures of the solar system will proceed to change. 
The w'ay In which each changes will be determined by the 
laws of Nature as applied to the particular state from which 
the change is to progress. Some of our pictures may rep¬ 
resent very' stable states, in the sense that the laws of 
Nature are content to leave them very much as they are. 
Others may suffer rapid and drastic changes directly the 
laws of Nature operate on them. In my original mapping 
out of these various states I gave a sort of impartial picture of 
all possible states. Of course I could not draw an infinite 
number of pictures, but I drew in my mind's eye one state, 
then another which was a little different from that, then 
another a little different from the second, and so on, so that 
there was no particular state of the universe that any'one 
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could bring me such that I could not find something like it 
in my chart. I am like a. criminologist who has drawn a lot 
of pictures of finger-prints differing successively from one 
another, and so conrplete that there is no criminal whom you 
can bring me for whom, on finger-printing him, I cannot 
find one of the previously drawn records which is something 
like the actual finger-print obtained. And so, when I drew 
all my pictures of the solar system, I gave a fair representation 
to all possible states of it. But the laws of Nature may not 
like my drawings. Nature may say, “Truly that picture 
number one thousand and three, which you have drawn, is a 
possible state of the solar system, but the solar system could 
never esist for any length of time in a state anything like it. 
1 should drive it out of that state as fast as I could, and into 
■one more pleasing to me.'’ 

“Well,” I say to Nature, “take these pictures which I 
have drawn as starting points, der'elop each of them as you 
w'ill, and let me have another look later.” 

Then it may be that, as time progresses, Nature will 
change certain of the pictures very little, w'hile taking others, 
W'hich she Hhes less, she may gradually modify them in such 
a manner that, when she has gotten things as she wants them, 
these states will be represented very^ poorly, all of the original 
representatives of them having been guided out of them into 
states which Nature likes better, and with no compensation 
in the form of a return from other quarters. If now I have 
another look at my modified pictures, I may feel aggrieved, 

I say to Nature, “"Vou have made a nice mess of my work 
of art, \\ hat have you done with ninety-nine per cent of 
my nice pictures of the sotar system? Why have you left 
only these few?” 

“I didn't like the others,” says Nature, “they were 
terrible, so I changed them.” 

“But,” 1 say to Nature, “this is very unfortunate, for I 
want to tell you something, In nearly all of those pictures 
which you have destroyed, there was one central idea, an 
idea common to all. This idea does not exist in the very 
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specialized pictures which you have left me. As a matter of 
fact* such an ovenvhelming proportion of my former pictures 
had in them that central idea, that propertj^ that I have told 
ever>'body that the idea was a fundamental consequence of 
the workings of your laws^ in the sense that whatever state 
the solar system may be in^ that property will almost cer¬ 
tainly be found in it/^ ^ 

^^Well/* says Nature^ ^-perhaps it was because 1 didn^t 
like the property that I ruled it out. What kind of a property 
was it anyw'ay?’’ 

“A very' peacable propertyj’' I repjy^ “one which does 
not disturb anything or produce any crises in the universe.’^ 
“Ahl a back-boneless property,*' says Nature, “a fine 
property to work for in nature, a fine property to make a 
universe out of. No wonder I didnT like it.'^ 

Now let us point out the significance of our analogy. 
Just as 1 asked you to vision all possible states of the solar 
system In one picture, so the mathematical physicist has 
visioned in one picture all states of an assemblage of mole¬ 
cules and of distribution of energy among them. All but an 
insignificant proportion of the states were ones In which the 
molecules had gotten down to a sort of share-equally-for'all 
basis, of the kind 1 have symbolized earlier in this address, 
a condition in which the average energy of a group of oxygen 
molecules was the same as the average energy of a group of 
hydrogen molecules; a condition, moreo^'^er, in which things 
other than molecules had come to eat out of the trough. 
Each individual wave length of the spectrum of the heat 
vraves of the radiant heat passing back and forth in an en¬ 
closure claimed an equal share of the energy. There are an 
infinite number of different wave lengths, so that if the 
distribution of energy were made in this way among the 
molecules and among the wav'es there would be only an in¬ 
finitesimal amount for each of the claimants. AH but an 
infinitesimal proportion of the states of the molecules and 

^ I need hardly remind the phjTicUt that the propert)' here tpoken of is to be 
taken at the anAlognr of one of the properties (Buch as equip;iniCion &f enet^y of the 
normal atate. 
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waves associated with thcin possessed this iugubrious prop¬ 
erty- So the mathematical physicists appealed to the laws 
of Nature to see whether they would not do something such 
as* for purposes of description, I have visioned them as doing 
in the hj'pothetical case of the pictures of the solar system- 
Would not the laws of Nature exercise a sort of presidential 
veto against the overwhelming majority of representatives 
of the universe which were voting for chaos, and for the least 
amount of differentiation between the individuals, the least 
specialisation in properties? Now, the truth was that the 
physicist did not know what the laws of Nature really arc, 
but he was able to show that, provided only that they -were of 
what is known as a dynamical t}'pe, they would render no 
assistance, but rather would just let the universe run to the 
dogs.* 1 fear I cannot pause to explain j’ust what is meant 
by a dynamical system. The physicists will know, and, 1 
fear, the others would get but little enlightenment if I told 
them. It will suffice to say that the dynamical type of law 
is one which, while it permits a wide modification in detail, 
possesses certain characteristics much beloved of classical 
physicists. Provided then that the laws of Nature were of 
this dynamical type, the changes which the laws permitted 
would allow the universe to wander indiscriminately through 
ail the possible pictures which we could draw of it,- so that 
the chance of the universe finding itself in one of those barren 
states to which I referred would be, on this basis, over¬ 
whelmingly large.* As. the physicists meditated upon this 


* I TOUrte, to the impljeaitow of iKe famoui tiuorem of Liouvillo, 

Tthich w tmiadHE upon hwt of the HamlEiOQiAa typt, 

* A few neervatiooE *mu« licre b« lUAdc for the benefit of the tecbnlcii reader 
The aigui^nt aiveo cidudea the cite of re^eairent paths, such » are Msodated with 
dynimieaJly' deg«neriie twtem*. The genera] iEuplicatioo mcim to be to the efleec 
that 1 sufficientiy fiDe^grafnEd contideratloq of the syiiem msuld show thii. In the 
last anal>'Sit, there were no ibtoluuly fe^ehtrant piths and that, given time enough 
the sv^tem would occupy ill itates contittent with the coniervatioo of eqerg>-. ' 

' Even should we acc^i the implicatioot here luggwted, nei-enheleii, ai I re- 
mirlted ^nty }-eits ago in a ditenssion of ihie muter in the London and Dublin 
IlhiJotophica] Magazine, there is no teaton for Wonderment at Our present condition 
We may idmit the extreme improbability of the eiistrnre of the tini verse in its preient 
S^te, but tve must rerwmber that it il Only during the VWy rare periods of cistenoe 
Of this improbable universe that there will he found in it those higyy improbable 
bcin^ like QUricl^^ea la itudy II. 
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state of affairs in relation to the stor)^ of the older framing 
of the laws of thermodynamics, it turned out that that 
tendency of the apparently mysterious quantity, entropy, 
to become greater and greater, which tendency was the 
symbol of what the second law had to say,—that tendency 
could be nothing more than an expression of the tendency of 
systems to seek states of greater and greater probability. In 
fact, the mathematicians were able to show how, by assuming 
that the entropy was nothing more than an expression of the 
probabUity, a very elegant story of the meaning of the science 
of thermodynamics could be built up, Entropy, as it had 
existed m the mind formerly, was simply a quantity which 
the physicist had accidentally stumbled upon and found how 
to measure because it had an important property. It now 
appeared that the physicist, when measuring entropy, was 
really measuring probability in spite of the fact that what he 
actually nteasured did not look like probability. The phys¬ 
icist was like a little boy looking at the log attached to the 
stern of a ship. What he sees is a pointer going round and 

round. What that pointer really measures is the speed of 
the ship. 

Now the physicist likes to generalize. The idea which 
presented Itself in examining the ways of molecules and atoms 
and heat radiation gave rise to the thought that all energy, 
even the energy of the internal structure of the atoms, and 
of the very electrons themselves might be seeking to free 
Itself from the bonds of structure and join the ranks of chaos 
where little pieces of it would have so much greater freedom 
to jog about from one thing to another without doing any¬ 
thing in particular. If wc accept this idea as a principle— 
a starting point in itself -then there is of course nothing 
further to be said. From the practical standpoint the ques¬ 
tion at issue is “How far are we campdUd to accept the idea.?” 

Now the failure of the laws of Nature to cooperate in 
preventing the universe from going to the dogs is exactly In 
line with the requirements of the second law of thermody¬ 
namics over that region of experimentation which has given 
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rise to the law. It must be regarded as an experimental 
fact that Nature seeks to go to the dogs In some of her activi¬ 
ties; and, arty reversing principles which we contemplate 
introducing into the laws of Nature must not deny the 
privilege of Nature to go to the dogs w'hen she wants to. 
How far can we go without running contrary to the demands 
of experiment and experience? 

It is true that, in the sense in which the mathematician 
counts different states of a system, there is an overwhelm¬ 
ingly in^nite number of states which are representative of 
the state of dead chaos which I have pictured earlier; but 
this, of Itself, does not necessarily mean that there is an 
overwhelmingly large practical chance of the universe seeking 
an ultimate permanent existence in these states. We must 
not assume that some sort of infinitely improbable and com¬ 
plicated law of Nature tvould be necessary- to guide the 
universe out of chaos. Because there is so much water in the 
sea w'herein 1 can drown, that does not necessitate an in¬ 
finitely complicated ship to take me across the ocean. It is 
true that the law structure of the old classical dynamics 
provided no succor in the matter, but as every physicist now 
agrees, that law structure does not hold for atomic processes. 

It is readily possible to invent a law structure which wdll 
avoid the unpleasantness of ultimate dead chaos. This is 
not the lime to demonstrate the fact; but that there is nothing 
mysterious in it may be seen by citing again the analogy 
which 1 have already cited, concerned with the distribution 
of dollar bills among the world’s populace. .Apart from the 
laws governing the flow of business and of dollar bills, practi¬ 
cally the same mathematical principles are available to show 
that the state of equal distribution of these bills among all 
the people is overwhelmingly the most probable distribution 
in the ultimate state, as are availabie to show that, in the case 
of the physical world, an ultimate state of chaos, of a universe 
run down, is overwhelmingly probable. -As 1 have implied, 
the enormous odds in favor of equal distribution of the dO'llar 
bills have practical significance only in the absence of con- 
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trolling laws, and it is not hard to understand that the laws of 
economics and of man s behavior maj’' be such as to prevent 
such a distribution of wealth* 

If I should cite a still simpler example, but one in which 
the laws concerned are those governing animals, I would saj^ 
that, if 1 should bring several million flies into this room, I 
could prove that the distribution of the flies which, by math¬ 
ematical calculation, was the most probable distribution 
would be one in which each cubic foot of space contained 
practically the same number of flies. Yet, you all know 
what vrould happen if I put a bowl of honey on the table. I 
know that some of my physicist friends will point out that the 
classical theory has a way of taking account of things like 
the honey, and that the potential energy, in its control of the 
unequal distribution of molecular atmospheric density with 
altitude, for example, provides an illustration. To this I 
agree, but hasten to point out that this latter fact itself is 
just an illustration of how' the cooperation of law structure 
with the numerical operation of counting states does produce 
an ultimate result in which the law structure can show its 
mark. 

I feel, therefore, that, in our present rather incomplete 
knowledge of the laws of atomic processes, we cannot say 
that the laws demand chaos as the ultimate fate of the 
universe. On the other hand* there is nothing in our present 
knowledge of those laws to deny such a possibility. In the 
light of this state of affairs. It is encumbent upon us to look 
around in the universe and learn what we can as to the way in 
which things seem to be going on as an actual fact. W'e find 
that the sun and stars arc very hot. We have evidence that 
they have been hot for so long that had there been no sources 
available for the supply of heat, they must have cooled ages 
ago. All of the more obvious sources of supply of heat which 
had been c.xamlned by the physicists, gravitational potential 
energy, radioactive energy, and so forth, had proved hope¬ 
lessly inadequate; and It became necessary to draw upon 
atomic energy; and to go even further and draw even upon 
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the energy associated with the very existence of such things as 
protons and electrons, 

Alodern physics has come to recognize a very close rela- 
tionship between mass and energy, in the sense that if mass, 
in the sense that a particle has mass, is caused to disappear, 
then energy appears in proportional amount in the radiant 
form. If a number of protons and electrons are brought 
together, it is known that they lose mass; and it is believed 
that the disappearance of mass would be associated with the 
radiation of a proportional amount of energy. This relation 
between mass and energy, first sensed from the principle of 
relativity, has been verified in certain instances experiment¬ 
ally. The amount of energy which is the equivalent of the 
mass of even a drop of water is surprisingly large, so large, in 
fact, that the complete annihilation of the drop would result 
in enough energy to supply two hundred horsepower for a 
year. The conditions of very" high temperature and pressure 
in the interior of the stars are believed to be favorable to this 
transformation of mass into radiant energy, and it is believed 
that in this source, by the devouring of its own substance, 
docs the star refiU its coffers of energy to pay forth continually 
to space that tax demanded by Nature. While we do not 
have a complete picture of the passage of mass into energy in 
the sense that the materialistically minded would demand a 
picture, we arc driven to believe that it occurs. No other 
source of energy seems adequate to explain the heat known 
to be continually radiated from the stars. Here then we see 
going on, as it were, the process of continual degradation of 
energy and of matter itself to the form of ultimate chaos in 
the form of radiant heat energy. The logical end of this story 
would be the complete conversion of all matter into heat 
energy. It is true that the evidence of our experience 
teaches us that the devouring process would go on much more 
slowly when the stars were old; but eternity is long, and there 
is plenty of time. Is there any way back from radiant 
energy to matter? As a matter of fact, there is, and the 
method has been admitted by all physicists who are less than 
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thiriy-fiv'e years old, and by most of those who are older, as a 
perfectly respectable member of the society of physical meth¬ 
ods, although the manner of its occurrence is at present 
exceptional. I must remind you that radiant energy exists 
in the form of definite units characterised in magnitude by 
the frequency of the radiation concerned. These units are 
called photons. Now the idea is that on certain rare occa¬ 
sions, a photon comes into such violent collision with the 
nucleus of an, atom as to result in a kind of catastrophe. In 
this catastrophe nothing in particular happens to the atomic 
nucleus, but the photon becomes mathematically irritated 
in such a manner as to cause it to decide to change its ex¬ 
istence, commit suicide, and become resurrected as a pair of 
charged particles. If you should ask for a crude analog}', I 
suggest that you think of a spiritualistic seance. The photon 
is the ghost, the pair of charged panicles constitutes the 
materialized ghost, and the atom is the medium. Now our 
ideas associated with the subject tell us that if our atom is 
at rest, this kind of phenomenon could not occur unless the 
photon had an energy enormously greater than that pos¬ 
sessed by the kind of photons associated for the most part 
with heat. However, if the atom moves toward the photon 
with great energy so that it moves with a velocity com¬ 
parable with that of light, and if we stand on the atom, the 
photon will appear like a photon of shorter wave length. 
This follows, in part, from the same principle as that which 
causes the pitch of a whistle to sound higher if you rush, 
towards it, or more exactly from the theory of relativity. 
Thus to the moving atom, the low-energy photon will look 
like a high-energy photon; and the theory of relativity tells 
us that this fact will irritate the photon just as much as if it 
had been a high-energ}' photon and the atom had been at rest. 
The photon will change to a pair of particles and rob the atom 
of some of its energ}' to accommodate it in its new state of 
life. Were it not for the fact that we have to borrow the 
assistance of the high-energy atom, which high energy atoms 
are hard to secure in any large number in Nature, this process 
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would constitute a ver>' suggestive one for the reconversion 
of radiant heat energy into matter. As matters stand, we 
have no suggestion from the laws of atomic physics as to the 
processes by which photons could become irritated without 
the presence of the atom. They do not possess the power to 
becorne irritated simply by their boresome existence; and, 
even if they did, a low-energy photon, without the assistance 
of an energj'-lender m the shape of a fast moving atom, would 
not of itself have enough energy to enable it to change into a 
pair of particles. If we could see ways In which many photons 
could cooperate to produce particles, the path back to matter 
would be easier. 

It IS perhaps not without Interest to contemplate a final 
state of the universe in which there were practically nothing 
but photons wandering throughout space, and compare it 
With what is taken by some as the starting point of our uni¬ 
verse, a condition in which all the atoms of matter are dis¬ 
tributed throughout a space of finite extent in the sense of the 
theory of relativity. It has been suggested that under such 
conditions the moving atoms will come together in clusters 
under the mfiuence of their motion and of their gravitational 
attraction, to form nebula:, which again under similar in¬ 
fluences form clustere which condense to form tire stars, 
brom this simple beginning, there grois's, through the action 
of gravitation, in feeding its energy into the motion of the 
atoms, a state in which the stars form and increase in tem¬ 
perature, producing in turn all of those extraordinary ph<- 
nomena such as transmutation of matter into energy, radia¬ 
tion of heat, and so forth, which we have only barely touched 
upon in this address. The question is whether, starting with 
a universe of photons, a similar, or rather an analogous, state 
of affairs can result. It would presumably be necessary to 
provide for laws and forces by which the photons could 
gravitate together, and produce conditions favorable to 
their conx^rsion into matter; but, just as the effects of gravi¬ 
tation while present on a large scale are almost immeasurably 
small in the case of bodies of small size, so these forces, 
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potent perhaps to form the basis of the recreation of the 
atoms, may be such as to prevent there arising conditions in 
which, in our ordinary experiments, a violation of the second 
law of thermodynamics wonid be found. In invoking such 
processes as those I have hinted at, perhaps a good test one 
might set himself as a test of the reasonableness of the idea 
is to inqnire whether the process, violating as it docs the 
spirit of the second law of thermodynamics, would, if it 
existed, have prevented people from going through exactly 
the mental processes they have gone through leading to the 
very discover^'' of that law, and to their subsequent belief in 
its generalized validity. 

In conclusion, I would add that 1 hold no brief for trying 
to save the universe from its ultimate fate. My object has 
been simply to discuss the question as to whether or not that 
fate is inevitable in the light of our existing knowledge. The 
avoidance of that fate may involve some additions to our stock 
in trade of physical concepts. Among other things it may 
involve the cooperation of several photons in single acts, in 
the sense 1 have hinted, so that, to paraphrase the statement 
concerning the value of the work of him who can make two 
blades of grass grow where but one grew before, we may say 
that perhaps he who finds a vvay to make many photons act 
where but one would act before may have found a way to 
rebuild the universe. 








TH£ COMPOSITION OF COSMIC RAYS 
ARTHCfR H. COMPTON 

jipril 30, /$jj) 

As a Starting point for study of cosmic rays, adequate 
knowledge of their nature has long been recognised as perhaps 
our most fundamental problem. At first, by analogy with 
gamma rays, their extreme penetrating power was taken lo 
mean that the cosmic rays arc photons, electrically 
neutral particles like light but of enormously greater energy. 
In 1929 , however, some experiments by Bothe and Kolhorster, 
using coincidence counting tubes, gave a strong indication 
that the primary cosmic rays are electrically charged particles. 
They at once called attention to the fact that such particles 
should on approaching the earth be deflected by the earth’s 
magnetic field so as to reach the poles more easily than the 
equator. This suggestion led to a series of extensive investi¬ 
gations which have now given us what seems to be adequate 
evidence that the primary cosmic rays are in fact electrical 
particles. I want to review this evidence briefly, and then 
explain how further experiments have enabled us to analyse 
these electrical rays into three components, each of which 
seems to be identifiable with one of the elementary constit- 
'uents of matter. 

Primary Cosmic Rays Electrical 
In 1929 J. Clay had just published his first measurements 
indicating a greater cosmic ray intensity in Holland than in 
Java. This difference Bothe and Kolhorster ascribed to the 
anticipated action of the earth’s magnetic field. At first, 
expeditions by Bothe and Kolhorster, Millikan and Cameron, 
Kerr Grant and others failed to confirm Clay’s repeated 
findings. Then came, however, several extensive series of 
observations which have established the existence of his 
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latitude effect, and have thrown a fiood of new light on the 
composition of cosmic rays. 

Theoretical studies by Stormer, Epstein, Rossi, Lemaitre 
and Vallarta, and others showed that If electrical particles 
approach the earth from remote space, there is roughly speak¬ 
ing a critical latitude for rays of a given energy such that 
nearer the equator the rays cannot reach the earth and nearer 
the poles they strike the earth freely. The earth’s atmosphere 
does not permit particles with energy less than about 2.3 X to* 
electron volts (protons) to reach sea-level, and for this energj 
the critical latitude is about 50 degrees. Thus at higher 
latitudes than 50 degrees all particles capable of penetrating 
the atmosphere will pass freely through the earth’s magnetic 
field, and no change of intensity with latitude should occur. 
At lower latitudes, however, more and more of the rays should 
be removed by the magnetic field, resulting in a minimum, of 
intensity at the equator. At higher altitudes, where lower 
energy particles are transmitted, the latitude effect should 
extend to correspondingly higher latitudes. 

The recent cosmic ray surveys have given results in com¬ 
plete accord with these calculations. During 1931 to 1934 we 
had twelve different expeditions including some eighty 
cooperating physicists, making measurements at more than a 
hundred stations widely distributed over the earth. The 
data showed that at magnetic latitudes higher than 50 degrees 
no significant variation with latitude occurs at sea-level. 
From the equator to 50 degrees, however, there is at sea level- 
an increase of intensity of about 16 per cent. Similar con- 
temperaneous measurements by many different observers have 
led to essentially the same results. In Fig. [ is shown a 
typical set of our data, giving the Intensity of the cosmic rays 
at sea-level as a function of latitude in North and South 
.America, with its minimum near the equator. 

This figure illustrates also our finding that the variations in 
cosmic ray intensity are more closely correlated with the 
earth’s average (or “geomagnetic”) latitude than with the 
geographic latitude. Similarly Clay has found that the 
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Fjo. 1. intengity in Anieriw a» a functlcKi of gEograptic and magnetic 

Utitudea. 


decrease in Intensity at the equator is more prominent at 
longitude about no degrees east than at 15 degrees west, tn 
accord with the fact that the earth's magnetic field is stronger 
in the Eastern hemisphere. Both of these phenomena have 
very recently been confirmed by the independent observations 
of Millikan and Neher. Such details leave no doubt but that 
the latitude effect is due to the action of the earth's magnetic 
field. The existence of the latitude effect accordingly implies 
that at least a considerable portion of the primary cosmic 
rays is electrically charged. 

A most significant aspect of the latitude effect is its rapid 
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mcrease with altitude. This became evident from our high 
mountain measurements at different latitudes, as shown in ' 
Fig. i, and has been extended to higher altitudes by the air¬ 
plane measurements of Bowen, Millikan and Nehcr and of 
Clay, and especially by a comparison of the stratosphere 
balloon observations of Regener, Piccard and Cosyns, Clay, 
and Compton, Stephenson and Millikan. In Fig. 3 are 



Fig. J. lonitatiOii atdtflcient 9llutucl«»£» observed using'ballDDOJ at diffeicgtlttitudeg, 
sbtm-ing veo' large Utilude ef«t near the top of the imUMpliEre. 

shown some of these data. The striking fact appears that 
whereas at sea-level the latitude effect is only 15 or 20 per cent, 
near the top of the atmosphere the intensity obaer^'ed by Clay 
near the equator at Java is only about i/40th as great as that 
found on our Century of Progress ffight in northern United 
States. This rapid change with latitude has been observed 
directly by Cosyns as he drifted southward in his Piccard 
balloon. Atthesurfaceofthea tmosph eretheratloofintensi- 
tics between the poles and the equator is certainly greater, and 
probably more than Ico to 1. 
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Since ckcirically neutral rays should be unaffected by the 
earth's field, this result means at once that probably not more 
than 1 per cent of the ionization at the top of the atmosphere 
near the poles Is due to electrically neutral rays. It is within 
the remaining one per cent of rays which reach the earth at 
the equator that any electrically neutral primary rays must be 
sought- 

It has been found, however, that the rays at the equator 
show a marked east-west asymmetiy^, indicating that the 
earth’s magnetic field affects a large portion even of the rays 
received there. Furthermore the rays reaching the earth at 
the equator arc absorbed in essentially the same manner as 
those which are deflected by the earth’s magnetic field. Thus 
in Fig. 4, cut^'C J represents the absorption in the atmosphere 



Fig, 4. Curve C, lepiwn^ng abtorpiton of elKtricaJ i^artJdetp h of ilitf frame form it 
curve B, due xo CMfnic niyi reiching lie earth it the e^uitQr. 

of the rays received at high magnetic latitudes, and 5 that 
of the equatorial rays. Curve C is the difference between A 
and B and thus shows the absorption of the electrically 
charged rays which are so affected by the earth’s magnetic 
field that they cannot reach the earth at the equator. The 
close similarity in shape of cur^^e B which represents the rays 
transmitted by the earth’s magnetic field, to curii’e C which 
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includes only' electrically charged rays suggests strongly that 
the two types of rays are of the same kind. 

Additional light on the nature of the rays received at sea 
level is given by an extension of the experiments of Bothc and 
Kohlhorster. Modifications of their original experiment by 
Rossi and Hsiung seem to make the conclusion Inescapable 
that the more penetrating rays at sea level consist of high¬ 
speed electrical partieJesd A beautiful demonstration of this 
fact has recently been made by Auger who has arranged four 
counters in line with 50 cms. of lead between them and has 
placed an expansion chamber either above or below the lead- 
Expansion is made when a four-fold coincidence is observed. 
Out of 69 plates, 55 showed vertical trajectories of single, 
high-speed particles; 7 plates showed nothing; 6 showed 
oblique tracks of low energy and one show'ed a shower. The 
evidence is thus clear that such coincidences arc due primarily 
to ionizing and hence to electrical particles of great penetrating 
power. 

There is, however, another component of the cosmic rays 
revealed by these counter experiments. It has been shown by 
Rossi and Johnson that with increasing altitude the number of 
showers observed with counters out of line, as indicated in 
Fig, 5^, increases more rapidly than the coincidences due to 
high energy single particles as measured with the counters one 
above the other (Fig. ;J?). This seems to require the assump¬ 
tion of an additional “show'er producing radiation,” which is 
more strongly absorbed in the atmosphere than are the 
corpuscles responsible for coincidences of the Bothe-Rohl- 
horster type. Experiments with counter tubes and cloud 
chambers agree in giving convincing evidence that the direct 
agent producing showers of corpuscles is a non-ionizing radia¬ 
tion, almost certainly photons. Rossi has shown, however, 
that these photons are themselves too strongly absorbed to be 
identified as a kind of primary cosmic rays. Anderson has 
observed cases in which the photons themselves originate 

I Thest Eipcftmcjils md their lignificiLEicic have rtcentljf been dtacLifsscd in detail 
hy B. Rosa!, Prt>c, London ConfreM nf Phnia (193+)^ A- Compton, Froc. 

Phya. Soc. London (Guthrie Lecture, pre«)- 
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Fic. S' AmnBcnieni of raontio^ t«bes lo obwive jf, *hpwer» of psirticlti, tnd B, 
highly pcnctratinff particlrt. 

only sl short distance above his expansion chatnberj and 
Johnson has shown that the shower producing photons are 
subject to latitude effect. Taken together these results 
point clearly to the view that the primary ray responsible for 
these showers is an electrical particle, very probably an elec¬ 
tron, which on traversing matter produces photons just as 
X-rays are produced at the target of an X-ray tube. Only In 
the present case groups of photons instead of single photons are 
emitted. Each photon may when it is absorbed give rise to 
a shower of positive and negative electrons—a form of photo¬ 
electric absorption. Thus the Increased relative number of 
showers with increasing altitude means that the primary 
electrons which give rise to the shower producing photons are 
themselves more strongly absorbed than are the coincidence 
particles of the Bothe-Kohlhosier type. This view reconciles 
the photon nature of the shower producing radiation with the 
existence of a latitude effect. Moreover as far as we can 
now tell the two types of primary rays included in this inter¬ 
pretation, both of which are electrical, are sufficient to account 
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for the observed characteristics of the sea level rays at all 
latitudes. 

Other lines of evidence such as the strong east-west 
asymmetry found by Rossi for the coincidence producing rays 
that penetrate 8 cms. of kad^ the independence of the transi¬ 
tion effect of latitude, etc., give additional strong evidence that 
the various components of cosmic rays which are now recog¬ 
nized are due to electrically charged primaries. It seems 
unnecessaryj however, to elaborate the argument further. 
If any electrically neutral particles such as photons or neutrons 
are present In the primary rays, they can constitute only a 
small fraction of a per cent of the rays entering the surface 
of the atmosphere, and at sea level are of too low intensity to 
show themselves in comparison with the more copious rays 
due to electrically charged primaries* 

AjtALYSlS OF THE PRIMARY CoSMiC RaYS 

Our problem is thus reduced to that of identifying the 
various electrically charged components w'hich may be present 
in the cosmic rays incident upon the earth. For particles of 
lower energVj such an analysis may be performed by using a 
mass-spectrograph in which electric and magnetic ffelds a re em¬ 
ployed. Attempts to deflect cosmic rays with laboratory 
electric and magnetic fields have recently met with some 
success. The energies of the primary particles are however so 
high that they are deflected only with the greatest difficulty, 
and even when this is done, it is hard to distinguish between the 
primary cosmic ray particles and the secondaries excited 
within the atmosphere. Fortunately however Nature has 
supplied us wdth a ready-made magnetic spectrograph suitable 
for analysing the primary cosmic rays. The earth itself acts 
a.s the magnet^ and in place of the electric field we have the 
stopping power of the earth^s atmosphere. This natural 
instrument has the advantage of such great dimensions that 
the rays are analysed far above the atmosphere, where they 
cannot become confused with secondaries^ It leaves some¬ 
thing to be desired regarding the uniformity of its magnetic 
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field, end we heve wot at yet been able to learn aecnrately the 
calibration enrre with which to determine the energree of the 
particles in terms of their penetrating power in the atmosphere. 
In spite of these limitations and even with the incomplete 
Information now available, an attempt to analyse the com¬ 
ponents of cosmic rays with our earth magnet leads to valuable 
r^esults, and indicates the kind of data that must be obtained 
if such an analysis is to be made more rigorous. 

This method of magnetic analysis consists m comparing 
the calculated rntnlmum range of various types of particles 
which will be transmitted by the earth’s magnetic field with 
the observed minimum ranges found from measurements of 
the intensity of the cosmic rays at different altitudes. It is 
found that the calculated minimum ranges for alpha particles 
electrons and protons correspond to the observed ranges of 
three distinguishable groups of cosmic rays. Though the 
uncertainty in the comparison is at present unfortunately 
large results indicate that the method should eventually give 
us a complete and reliable analysis of the prlmar)' cosmic rays 
In order to calculate the minimum range of a particle at 
a given latitude, we first find from Lemaitre and Vallarta’s 
theory the minimum energy required to traverse the earth s 
magnetic field. By a combination of theory and experiment 
it is possible to estimate the range in the atmosphere cor¬ 
responding to this minimum energy. Thus in Fig. 6 is shown a 
family of approximate curves, for electrons, protons, alpha 
particles and oxygen atoms, which express the ranges of these 
particles in terms of their energies. We unfortunately do not 
know this range vs. energy relation accurately, and this curve 
accordingly is at present the weakest link in our analysis. 
However with the recent experimental data of Anderson and 
others, combined with improved theories such as that of 
Bethe and Heitler, such curves are sufficiently reliable to 
give significant results. Using these curt'cs, we find for the 
minimum ranges corresponding to Lemaitre and Vail ana’s 
minimum energies the values shown in Fig. 7 . Thus at 52 , 
the geomagnetic latitude of Philadelphia, we predict a proton 
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Fic. 6r E^dmAtcd pclamnship betw™ range in air of vajiDUft partklef ajid their 

energy- 



Fie. 7+ Estimated minimum ningcA in w\t of the ray* iransiultted by the cartb^s 
mastic field at difcrent ladtuiJe*. 

range of nearly an atmosphere^ an electron range of about 
0.4 atmosphere* etc. 

The experimental values of the mimmum ranges are found 
by an analysis of the observed altitude vs. ionization curves* 
using a method developed chiefly by Gross. In Fig. 8 is 
show^n a typical curve of this type obtained on our Century of 
Progress balloon flight using a cosmic ray meter shielded with 
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lead. The brokcQ line represents the calculated shape of the 
curve if the ionization were due to “esponentially absorbed” 
tays- The departure of the experimental curve near zo cm. 
of mercury pressure is shown on analysis to be ascribable to a 
range minimum in the cosmic rays. 

Imagine, as in Fig. 9^, that if the earth were unmag¬ 
netized the number of particles striking the atmosphere with 
a range r would be expressed by the broken curve. If only 
those with ranges greater than are transmitted by the 
earth's magnetic field, the range distribution would be that 
shown by the solid curve. If these particles come down 
vertically through the atmosphere, the ionization at a depth a 
below the surface will be proportional to the number of parti¬ 
cles having a range greater than this amount. We thus 
obtain curve $B. Taking now into account the fact that the 
panicles strike the atmosphere not vertically, but uniformly 
from all directions, the ionization at depth z is found to be 
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about as showo in Fig* 9^' Here the knee of the curve 
marks the locatiqn of the range minimum. Similarly if the 
vertical rays consist of several components each with its own 
range minimum, the resultant curve should be the sum of 
several curves of type 9C* 



Fic- 9. Ctirvc C rcprci&ciiu the type tltitude cufvc id be cipecied kf 

particlcft the ran|ea of whidi arc |;iven by th* *did Mac of curve J. 

Returning to Fig* 3 we see a set of experimental curves 
which bear a marked similarity to that of Fig* 9C Thus in 
the 44 degree curve there appear to be two breaks, one at 
about 0.14 and the other at 0.43 kg^cni*^ Gross has shown 
how by analysis of these curves the range distributions can be 
directly determined. The expression for the Ionization at 
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the surface of the atmosphere, due to the rays having ranges 
between r and r + ifr is 

d-l j 


where / is the observed intensity of the rays 

Applying this expression, we obtain corresponding to the 

.xperimfnul c„,v.= of Fig. 3 the »ngc f : 

Fie. 10. The similarity between the form of these curves 

and that of Fig. 9/f is as close as could be expected. 

In this figure (lo) are marked also the predicted ranges or 
the various latitudes for each of the four types o partic es. 





^IG, ta. diiiritnjticn of ct?snitc nivs Ettituhwd finia balloon data lakfln at 

latiiudci. 
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It will be seen that for the 55 degree curve the alpha particle 
limits and electron limits seem to be identifiable with the 
two experimental range minima found at the higher latitudes. 
Oxveen nuclei have ranges too short and protons have ranges 
too long to be responsible for either of these two groups. 
Though the agreement is not so good for the 44 degree cuoes, 
this difference is of just the type to be expected because of the 
irregularity of the earth's magnetic held and the uncertainty 

of our energy vs. range relationship. ... 

From data such as shown in Figs. i and 2 it is apparent 
that some latitude effect is observable at sea level up to at 
least 50 degrees. According to the curves of Fig. 7, however, 
we find that electrons which reach the earth at sea-leved (1 
fcg./cm.) should not be affected by the earth’s magnetic field 
above about 40 degrees latitude, whereas the predated hmi 
for protons is about 50 degrees. The latter value fits so wc 
with the observed knee of the latitude effect curve that we 
may reasonably conclude that the latitude effect found above 
40 degrees geomagnetic laUtude Is due to protons. 

Such an analysis thus leads us to distinguish three com¬ 
ponents, which may be called J, B, and C, in the order of 
their absorbability. Comparison with the calculated range 
minima enables us to identify component J with alpha 
particles, observable only in the upper atmosphere as 
electrons, positive or negative, which penetrate the at¬ 
mosphere with difficulty, and C with protons which at the 
latitudes studied have range minima greater than the thick¬ 
ness of the atmosphere. . 

In judging the reliability of this analysis, two major 

questions arise: 1. Are the breaks in the experimental depth- 
ionization curves which we interpret as range minima, real 
and reproducible? 2. If real, is our calculation accurate 
enough to make the identification of the various component 

To the first of these questions I believe we are justified m 
replying definitely, yes. I have myself examined all the 
balloon data that have been published in sufficient detail to 
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carry through an analysis of the type here presented, and find 
without exception evidence of these breaks, at altitudes 
corresponding to the latitude of the flight. Similar analyses 
have been carried out by Gross on Regener’s extensive data, 
and by Cosyns on his own data and those of Piccard, in both 
cases with results in satisfactory accord with those here 
described. In Fig. ii is shown a typical set of curves, based 



F Kr t h loflixutlcn due to TM-JS coming vertically ikraugh tUc atmospbenc* as calculaicd 

varLOua balloon data. 

on various sets of balloon flight data, analysed to represent 
the intensity of the rays passing vertically through the 
atmosphere. All show the breaks In question. 1 would call 
particular attention to curve AI—B^ due to Millikan and 
Bowen, and B-M~N^ due to Bowen^ Millikan and Neher, 
both of which are taken from the smooth curves which they 
draw through their data viithout recognizing any breaks. 
A comparison of the B-Af~N curve with the C-S-M curve 
based on my line drawn through the same experimental 
points show$ the same breaks, only somewhat less sharply. 

Regarding the reliability of the identification of the groups, 
we cannot be so optimistic. 1 am elsewhere discussing this 
question in detail.^ Suffice it here to say that the uncer- 

^ A, H. Cbmp£dn^ loc. ctL 
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taintic& involved in relating the energy with the range of 
particles and in the irregularity of the earth’s magnetic field 
are enough to lay the results of our analysis somewhat open to 
question. Because, however, of the widely different predicted 
ranges of the various particles, we can have a certain degree of 
confidence in the identifications here suggested. 

Comparison with Other Methoos 

For components B and C which reach sea-^level there exist 
several lines of confirm a tor>' evidence supporting the identi- 
ficaiion of them respectively as electrons and protons. It 
will be recalled that directional coincidence experiments with 
counting tubes have shown a westward predominance, mean¬ 
ing that more positively charged rays reach the earth than 
negatives. Johnson has confirmed this result as far north as 
Philadelphia. Here, however, the limiting range of group B 
is far above the earth, and group C is the only one the direc¬ 
tional distribution of which on hitting the earth can be 
affected by the earth’s magnetic field- Thus it is this com¬ 
ponent which his experiments show to be positively charged, 
in accord w^Ith our identification of them as protons. 

On the other hand^ directional experiments at the equator, 
though showing an excess of positives, have been interpreted 
by Rossi, Clay, and Johnson independently as Indicating also 
the presence of some negative particles. In Jact, Johnson’s 
recent studies have shown that the “shower-producing’’ 
component of the cosmic rays comes equally from the east 
and the west. This component is however subject to the 
latitude effect, and is accordingly electrically charged. Its 
symmetr>^ in the east-west plane must thus mean that it 
consists of equal numbers of positively and negatively charged 
particles. Of known particles, positive and negative electrons 
form the only symmetrical pair which fit this condition- 

This assignment of electrons, positive and negative, as 
the primary rays responsible for showers is exactly in accord 
with recent theories of the excitation of radiation by high 
energy particles, according to which photons, that form the 
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agent diretrtlj^ producing the showers, are excitable hy 
electrons much more copiously^ than by protons or other 
particles of large mass. In fact^ Bo the and Heitler conclude 
that photon production is the chief mechanism of energy loss 
by high speed electrons, whereas it is relatively unimportant 
for protons. 

That the shower producing radiation is identifiable with 
our component of intermediate absorbability is indicated 
by Rossi and Johnson^s observation that it increases more 
rapidly with altitude than do the penetrating particles re¬ 
sponsible for the Bothe-Kol hors ter coincidences which we 
should ascribe chiefly to our component C, protons. 

That we are correct in distinguishing two kinds of cosmic 
rays reaching sea-level Is strongly supported by Eckart^s 
recent analysis of the depthdonization: data into an absorption 
spectrum. The results of this analysis, expressed in terms of 
the intensity of the rays after penetrating 8o per cent of the 
atmosphere, are shown in Fig. 12. There is here a clear 



VlG-r 12. HcLartV aQalj'iU of Uic ib^rptiOa cDcfficEcnU of die cUsmic rajE wliicb 
VrnjCAllji ihctHJgh So pet cent of tlic aMErepbcrc. 

distinction between two components in terms of their absorp¬ 
tion coeflidents. The more absorbable one corresponds to our 
component and the more penetrating one to our component 
C* Component At which is found from the stratosphere data, 
is 30 nearly absorbed at the depths considered in this analysis 
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that it cannot appear. If on the other hand Eckhart’s 
analysis were carried through for sca-Ievd, component C 
would be more intense than component B. 

There is here, however, a difficulty that must be mentioned. 
We have identified group C with protons, and these should at 
sea-level form the major part of the primary cosmic rays. 
Cloud expansion experiments however reveal protons only 
rarely. UTiy are they not more frequently observed? 

.A partial answer Is supplied Hy noting that a proton track 
can be distinguished from an electron track only when it is 
raoi'ing slowly enough to produce more ions per cm. than an 
electron with the same curvature in the magnetic held. If 
we assume that this difference becomes distinguishable when 
the proton is moving with less than half the speed of light, 
this means that only those protons with energy less than about 
1.6 X lo* electron volts are identifiable by this method. 
From the penetrating power of component C it can be calcu¬ 
lated however that the average energy of a proton which 
constitutes such a ray must be of the order of electron 
volts. Thus wc should not expect more than i in 50 or $0 of 
the protons to be distinguishable from electrons. 

Another factor is that component C shows a latitude effect 
at all latitudes where expansion chamber studies of cosmic 
ray tracks have been reported. This means that at these 
stations all the rays which reach the earth through its mag¬ 
netic field have more than enough energy to pass vertically 
ih rough the a tmos p he re- Th us , where ve r the expe ri ment s a re 
so controlled as to record only the vertical rays, no slowly 
moving protons should appear. 

This deduction is in apparent accord with some recent 
observations by Anderson. He reports that whereas the lower 
energy tracks arc about equally divided between positives and 
negatives (hence presumably electrons), there appears to be 
an excess of positive particles among those having more than 
10* electron volts energy. 
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Galactic Rotation Effect 

Finally permit me to call attention to a phenomenon which 
seems to be quantitatively explicable in terms of the composi¬ 
tion of the cosmic rays that has been suggested, but is difficult 
to reconcile either with the assumption of any considerable 
neutral component or of wholly positively charged primary 
cosmic rays. 

Various considerations, such as the fact that the cosmic 
rays come from high altitudes and approach the earth nearly 
uniformly from all directions, inspired Millikan to suggest 
that they come from remote space, far beyond our galaxy. 
Recent studies, such as the latitude effect, have supported 
this view. Due to the rotation of our galaxy, the sun and 
the earth with it are moving, according to the work of Strom- 
berg, Hubble and others, at about 300 Em. per second toward 
within a few degrees of 47 degrees north and right ascension 
20 h. 40 m. Due to this motion, of about i/ioaoth the speed 
of light, if the rays originate outside of the galaxy, the front 
of the earth should meet more cosmic rays than the back. 
Straight-forward calculations, which Mr. Getting and I are 
presenting elsewhere,* show that when account is taken of 
the increase in the number of rays received and their increase in 
energy and corresponding penetration, the ionization ob¬ 
served at sea-level due to this motion should be i.s per cent 
greater on the front than on the back of the earth. This 
calculation assumes no effect due to the earth’s magnetic held, 
and should be directly applicable to any photon component 
of the primary rays. 

The only data for testing this prediction which arc at all 
adequate are the long-time continuous records that have been 
analysed to reveal any possible diurnal variation with sidereal 
lime. The best set of such data as yet published is probably 
that of Hess and Steinmaurer, and is shown in Fig. 13. This 
figure shows the average, taken over a complete year, of the 
intensity of the rays as observed for successive half hour and 

* A. H, Compioia Sind ]« A. Geiiin^p Pkyj. Rrp. [la 
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thrc^ hour intervals. A diurnal sidereal vanation is clearly 
shown^ which is about lo times the probable error^ and whose 
maximum occurs very close to the predicted time. The 
observed difference between maximum and mmimum U 
however only o+o8 per cent^ whereas after taking into account 
the latitude of Hess's observing station, the predicted dif¬ 
ference, should have been about 8 times this amount. Com¬ 
parison with the published data of Slcinkc and new data by 
Hess which -he has kindly sent me privately, confirms the 
existence of this effect, but on the whole indicates an even 
smaller amplitude. 

This means that if the primary cosmic rays are photons 
coming from intergalaclic spate, there should occur a diurnal 
variation with sidereal time about lo times as great as the 
observations show. 

If however we assume the electrical composition of the 
primary rays that has just been suggested, the effect of the 
earth*s magnetic held will be such as to reduce the diurnal 
effect to about the observed magnitude. At the altitude of 
Hess and Steinmaurer's observatory (ijoo meters) Eckart’s 
analysis shows that about 6o per cent of the cosmic rays are 
of type B and 40 per cent of type C. We have seen that 
component C is subject to a latitude effect, and is thus strongly 
affected by the earth^s magnetic field. Considering the 
highly complex orbits which Stormer^s analysis shows for 
electrical particles in the earth's field, any maximum shown 
by this component should be very diffuse, hence of low ampIL-- 
tude, and of doubtful phase. Of component 5 , however, 
only the fastest particles are able to traverse the atmosphere, 
and these will not be so strongly affected by the earlh*s field. 
The corresponding maximum should thus be more prominent. 
We have given evidence that this component has equal num¬ 
bers of positive and negative electrons. Because of this 
symmetry of sign, the phase of the maximum should be the 
same as for uncharged rays. The only effect of the earth's 
field should be to reduce its amplitude. From such considera¬ 
tions we have predicted a variation with about the same phase 
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a& for uncharged rays^ and with a difference between maximum 
and minimum within a factor of about 2 of o.i per cent. 
This prediction is shown in Fig. 13 as the sine curve. The 
agreement with the observations is really better than could 
have been hoped. 

Though more and different observ'ations are needed before 
this effect due to the rotation of the galaxy is established and 
understood, the evidence here given strongly supports the 
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Fig, 13. DiiimiJ viiri^ijon of coimk tavs with iittcreil tinse, DaUr Hcti aod 
Sl«inmAUrtr^ ainc cunx, cakubtjed frtun effeci of DOUtccK) pf the galaiy. 


view that the cosmic rays do indeed come, as Millikan long ago 
suggested, from outside the Milky Way. On the other hand 
its amplitude is far smaller than it should be if the cosmic 
rays are electrically neutral, and the phase of the observed 
effect indicates that it is due chiefly to rays having equal 
parts of positive and negative charge. This as we have seen 
supports our identification of component i? as electrons. 


CoNCLUStOKS 

Measurements of the latitude effect at very high altitudes 
thus indicate that probably not more than one per cent of the 
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cosmic ray' ionization as measured near tKe magnetic poles is 
due to electrically neutral particles* 

At sea-level, counting tube measurements by Rossi and 
others reveal the presence of two distinct types of cosmic rays* 
One consists of highly penetrating electrical particles, and 
causes coincident impulses between counters placed in Hne^ 
The other produces showers of absorbable particles^ and 
apparently consists of photons. Both components show a 
marked latitude effect. The photonic shower-producing 
radiation is thus considered as a secondary^ radiation excited 
by charged particles (probably electrons) as they traverse the 
atmosphere. The penetrating coincidence particles on the 
other hand appear to be primary protons and electrons. 

The analysis of the cosmic rays vvith our mighty mundane 
mass-spectrograph indicates the presence of three groups of 
particles^ characterised by having at a given latitude three 
distinct minimum ranges. The three range groups are desig¬ 
nated Bf and C in the order of their ranges. Best agree¬ 
ment between the minimum energy admitted through the 
earth^s magnetic field and the minimiJm observ-ed ranges is 
found if group J is identified with alpha particiesj B with 
electrons, and C with protons* W'hen the evidence from 
directional experiments is considered, it appears that group B 
is probably composed equally of negatrons and positrons. 
There Is no evidence for anything heavier than alpha particles. 

This analysisj while tentative because of the rather large 
uncertainties in our knowledge of the relationship between 
range and energy, seems to agree well with the information 
supplied by other methods. Thus the directional experiments 
of Johnson, Rossij Clay and others point definitely toTvard a 
proton component and a positron-negatron component in the 
rays near sea-level. Anderson^s cloud chamber study of the 
sign of high energy particles fits wlih. the same interpretation. 
The apparent effect due to the rotation of the galaxy Is much 
too small to be ascribed to photons coming from outer space* 
but agrees well wdth a prediction based upon the electrical 
composition of the cosmic rays here assigned. No independ- 
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ent method of identify'ing component A seems to have 
appeared. 

VVe may thus conclude with considerable confidence that 
the primary cosmic rays reaching sea-level consist almost 
wholly of protonsj and positive and negative electrons. At 
high altitudes there is another component which seems to 
consist of alpha particles. 





THE REVOLT AGAINST TASTE 


HAltRISON S. MOllRIS 

{Rtad Afinl iS, sgss) 

When a lady is low in health or spirits, or fails to get what 
she wants, it is often a resource to fall into hysterics—not to 
omit gentlemen, for they too assume the hysterics of the fist 
or gun. 

And in a more gregarious way, there come into art and 
literature periods of hysteria formed by the morbid, the 
disappointed, the perverted, who fail to gel what they want. 

So far back as the days of Shakespeare there was a pom¬ 
pous sort of mania in letters called Euphuism. It entangled 
even the immortal bard himself, in “Love's Labour’s Lost.” 
And passing on to a later century poetry laced Itself up in 
what Keats called 

ichltm 

Nourished by foppery and 

Each age has had recurring manias for its own heresies and 
for its own form of revolt against taste. 

But the most extraordinary revolution yet experienced in 
letters is that from w hich w'e are just now emerging, a senseless, 
incoherent, insolent attack upon Beauty and Truth, equal to 
the hold-up of the contemporary gangster. 

As you look intelligently back along the processes of art, 
such moments in the grand development of man’s creative gifts 
are minor both in matter and in consequence. In human 
efforts to seek unity with nature, all that lasts is the true, the 
genuine, the inspired. 

The consciously ecceutric poser who, like a pestiferous fly, 
is annoying but lasts only for a day, carries with him a thought¬ 
less mob that wants excitement. This empty fuss seems to 
the untrained mind an evidence of quality, and thus we are 
obliged to behold literature in eclipse until the spirit of Truth 
recovers itself. 
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Through such a valley of the shadow we have been passing, 
not without e^^plosions of wrath, though such were muted by 
the magazines and journals that follow the crowd for profit. 
Hardly a voice has been heard above the tittivalions of poetic 
ladies who think poetrj^ can be found in drinking tea, or 
accompanying Bridge* 

The evolution of all arts is on a stem of an immovable tree 
whose roots are in the depths of ihe logical universe. The 
unfolding of art^s beauty and truth can not be turned aside to 
suit the ignorance of the races who are under-bred. Yet such 
classes tell us that they have cast away tradition^ they are 
superior to the fundamental laws, their aim U expression. 

By expression, nobody can tell what they mean* Its 
meaning, if any, is as obscure as their productions. It may be 
guessed that they believe they are struggling for self-expres¬ 
sion. But, even so, the self to be expressed in any art should 
be inspired with a passion for perfection. The sloppy, in¬ 
coherent, meaningless jargon of their poetry and prose can 
con^'-ey only that the minds, or absence of minds, that form it 
are without the semblance of a gift for literary art. 

Listen to this alleged poetry by Conrad Aiken, from a 
recent magazine. It h called “Escape the Pattern,” and has 
all the trade-marks of its class. It would need a glossary to 
define what it is all about, except that the escape from a 
pattern may in>ply an aggressive originality in the author 
which neither he nor any of his class possesses. They all 
vociferously claim to be expressing themselves, and they all 
write the same sort of stuff. Here are the first and final lines 
of the precious compositions 

the paitein m anDthcr pJUteni; 
a?md the ending for another eqain^t 
hate the face mvr, j-ou fool, CO love h later— 
or iovt it itow tp hate* 

■ <* + M * -i w r m mm m 

Cry down to the dark 
which h below you, and ii wasting for you, 
and ask her for jin aniwer. She « a pattern 
begot of pattern^ and begetting patterna; 
mad bc^tind m^dnria; wiEI tease yoi* on 
from falie lo falie forever/' 
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This so-called poerrij in an effort to be self-expressivc, 
omits capitals from the beginning of its linesj so does everj^ 
versifier of the cult of obscurity. It asserts incoherence 
with a gravity that puts the reader on the defensive. So it is 
with ever}* other member of this strictly original moK It 
calls the manufactured lines ^'poetrj''”; though they have no 
resemblance to the noble art that comes down to us from 
Shakespeare and Wordsworth and Keats and Emerson* In 
fact it is not poeliTj neither are the producers poets* Their 
asserted self-expression is a collective bluff. 

If one were asked to prescribe for the ailment that these 
people who call themselves poets all suffer in common, I 
should think sound judgment would order a sense of humor* 
They take themselves seriously. There is not a flick of 
humor in scores of them. 

Here is an example cjnoted by the Reviewer of the London 
Tim^s Library Suppl^m^nt. He is cautious, because the 
conspiracy of publishers and poets is so subtle, but he can not 
conceal his sense of fun, 

Tkirty PiVcfX* By Sydney Salt: 

Saul, speakirig In one of these verses to the Witch of 
Endor, asks: 

'*Am 1 tiarowring i* you of new wiir]>di uiifionqucfCTl? ** 

And the reader of these thirty short and enigmatic pieces will 
feel inclined to address the same question to Mr. Saul himself. 
“The Sword” is a characteristic example: 

I df4W tkh caurtjTirii of my^ 

Ht sits there, 

\fy eye iiapn. 

1 am fenced amund it* 

Now thU slury ^ 

Was when swt^fdi were humble; but now 
L ebdll kne my Lifci. 

W^hat happens to the mind—or what he is pleased to call 
his mind—of the writer of such crazy sentences it is hard to 
analyze. It may be the urge to write, without adequate 
mental harness, or it may be the little child’s naughty wish to 
startle. But whatever it is in the alleged poet, there is no 
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explanation of the motives of the publisher. One would 
expect him to be governed by the wish of profit; but only a 
business man as mad as his poet could be so deceived. 

Yet this does not follow with the exaggerated volumes 
which we have had thrust at us in most reviews. They have 
had endless publicity and must have been reeking with profit. 
So much so, that nearly all our periodicals and newspapers 
have thought it prudent to print only the most bizarre and 
incomprehensible jargon as poet^J^ 

Notably, this accusation may be pointed at the AVw York 
Herald-Tribune, which prints a column every Sunday, on its 
editorial page, of the least intelUgble and most inconsequen¬ 
tial verse that can be culled from the little monthlies—born 
of the present mania—not without an cj'e on profit. 

And, yet, to prove that there is just as much high taste for 
genuine poetry, serious and comic, as ever; that same paper is 
graced by the editing and the poetry of F, P. A., In his daily 
“Conning Tower.” 

That his sense is as sound as his taste, may be gained from 
some of his droll paragraphs. This one, dealing with the most 
circulated offender, is characteristic: 

“In yesterday's Times Mr. John Chamberlain calls 
Mr. Archiblad McLeish ‘the man who is, perhaps, Ameri¬ 
ca’s foremost practicing poet.* For Mr. McLeish we have 
affection and admiration; but we wish he would quit 
practicing and get down to playing.” 

Listen to a sample of McLeish. He has no doubt of his 
divine calling. “This book is not a 'collected edition’ of my 
poems nor does it purport to trace my development as a 
poet.” He opens with a long harangue in a sort of metre, 
called “A Hamlet of A. McLeish.” He mingles words of 
Hamlet with his own. What it is all about, I fall to divine. 

"We tiand id rfac and tht sun oomei 

SwelEing dmong us wiik Hght, with the 
Branrins of bees tbout with hdttcnn^ 

Tree KJunii He h ulL He the 
I>iirfc Co ut (He is inlgrmcd In the« miitcnij 
iht inoiithi In the gilt twigi. 

He aouIh the bEabbed loose 




THE REVOLT AGAINST TASTE 


279 


Light Q'm wi[jirr. d^klcni ipanglc^ of 

CjU^s in tht high WAys. He reproves ui iHth 
Shining. Ko, he repeals the pp>vcrtxi of 
Bnak to enliven the kugh in ui- 

He Imyi his handt &n our lex to perfluatlc tu of 
Happiness under the sea noon4 

How U it that the clotid atiU hangs on thee,* 

Why seemi it so—particular—wiili thee? 

Secmi, Madamt - # 

Ha, we are preached by the 
Loud mouth, by the blooming of brightnus^ 

‘^Cease,^ he Initructa ue, *to feel cheemotioiti of 
Miser}"! Be bright hayil Coniole }'oiir»cl™t* ** 

But you will be told that an epic of the same author, 
"Conquistador,” expiates all his sins. lam without space to 
quote from it or to dwell on its freak typography; but It marks 
a practice of this cult of versifiers which helps to explain 
their currency. 

If you put the great stories of the world into Yiddish, 
or Esperanto, or eccentric tricks with type, they will still be 
great stories. They can^t be lost even in the incoherency of 
Amy Lowell or of McLeish. Thus Amy Lowell chose the 
amours of Lord Nelson and Lady Hamilton for treatment in 
her " laboratory of poetic research and McLeish has taken 
the immortal history of the Conquest of Mexico. 

Most people are ignorant of Bernal Diaz and his romantic 
and tragic book that lays open the drama of Mexico's conquest. 
It is thus quite safe to turn it into lines without beginning 
capitals, centrifugal words that fly off the text like radiations, 
affectations of style, and to do with It whatever the Impulse to 
self-eipression excites. The great ceritral human story can 
not be destroyed. 

In a mood of distraction over the poetry served up to him, 
one review'er cries: 

"Could he not have said it as imaginatively and more 
clearly in prose?” 

and this thought persists in the reading of “Conquistador”; 
except that it had already been said in enduring prose by 
Bernal Diaz. 

I have dealt only with the alleged poetry of our unhappy 
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literary period, because to venture into its prose would take 
us too far afield. It would take us into journalistic novels, 
into the muck of Freudian sexuality, into Joyce and Lawrence 
and Dreiser, and lose us in the multitude of its mediocrity and 
its inanity. 

Only one small sample of the prevailing form may be 
given as an index of all. An educator, as they are now called, 
recently felt his superior culture by inditing thus: 

"Achievements of minimal requirements of units of study.” 
Illuminating phrasel 

And illustrating the Revolt against Taste in w'ords of one 
of the most extreme examples of the Insurgents, I close with 
Lewis Mumford’s polite estimate of Louisa Alcott. He 
scorches the paper thus: 

“Louisa Alcott was a hack writer purveying lolly pops 
and chocolate cordials to the middle-class market.” 

Throw away tradition^ deride taste and beauty, desert do¬ 
mestic life, join the nudists of art and literature, and you will 
be a big bold self-conscious and naughty best-seller. 


THE FURNESS VARIORUM SHAKESPEARE 
M. A. SHAABIR 

(Kffod Jpfi/ Jp IQSS^ 

The project on which I am to report, the Furness Variorum 
Shakespeare, has been under way for seventy years and it is 
ufinished in much less than twenty more. 
Half-finished as it is, it enjoys a world-wide reputation, and in 
Its own field It is unrivaled. It is indispensable to all students 
of Shakespeare and its name, at least, is known to all other 
educated men and women. It is, however, a labor of com- 
pilatioD rather than of original research; ii aims at a synthesis 
of the results of the research of others without specially adding 
to those results. Therefore, since there are no new or precise 
findings which I can foreshadow, I think J could use this 
opportunity to the best advantage by explaining somewhat 
the history of the Variorum Shakespeare and the part which 
the assistance of this society is playing in keeping it alive. 

It was soon after the end of the Civil War that Dr. Horace 
Howard Furness the elder, then in his early thirties, finding 
that growing deafness disqualified him from pursuing the 
profession of the law, turned to the study of Shakespeare and 
Shakespearian scholarship, which had strongly attracted 
him almost from boyhood. Dissatisfied with the apparatus 
for the study of the plays then available, he planned a new 
edition on a scale as yet unat temp ted. An ordinary critical 
edition, the kind in which we usually read Shakespeare, is the 
work of one editor, who arranges the text as he thinks Shake¬ 
speare wrote it and adds whatever notes, comments, and 
illustrations be chooses to assist the reader's understanding 
and enjoyment. Up to 1870 about thirty-five important 
critical editions of the works of Shakespeare had been pub¬ 
lished; there are now possibly fifty-five or sixty. Of course, 
they differ considerably in detail, especially in emending 
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difHcuIt and seemingly corrupt passages and In interpreting 
the characters, the action, the thought, and the imagery of 
the plays; taken togethctj they provide an almost bewildering 
mass of comment and explanation, fascinating to the scholar 
and suggestive to even the ordinaiy student. It was Dr. 
Furness’s interest in the divergences of the comments of the 
editors and his belief In the virtue of a comparison of their 
opinions in throwing the strongest light on every phase of 
Shakespeare’s art that moved him to plan a VGrioruin edition 
which would include the readings and elucidations of all the 
editors and critics and thus put in the reader’s hands the final 
results of all the study and investigation that had been 
bestowed on Shakespeare’s tvorks. That is what the New 
Variorum still aims to provide—a summaiy of the materials 
which students of Shakespeare have assembled to assist our 
understanding and enjoyment of the plays. 

The success that Dr, Furness’s work met with is something 
which J need not explain to a Philadelphia audience. While 
he lived, Philadelphia was perhaps the best-known center of 
Shakespeare study on this continent and his edition is still 
America’s most distinguished contribution to Shakespeare 
scholarship. The usefulness of his comprehensive method, 
the reliability of his accurate workmanship, the wisdom of his 
judgment, and the charm and wit that lurk in every expression 
of his own thought and feeling are proverbiaL And by a 
chance almost unique in the annals of scholarship, he found a 
successor in his own son and namesake, who, working at first 
side by side with his father, carried on his labors for seventeen 
years after his death. 

It was evident, however, to the younger Dr. Furness, some 
time before his death, that he could not live to finish what his 
father had begun. By 1938, when he published his last 
volume, he and his father had issued nineteen plays, half of the 
total of thirty-seven that comprise the accepted canon. Dur¬ 
ing his last years the thought of passing on the trust which he 
had received from his father often crossed his mind. About 
1921, Professor Samuel B. Hemingway, of Yale University, 
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who had recently edited / Henry iV In the Yale Shakespeare 
series, wrote Dr. Furness urging him to take up this play next 
and offering some textual notes which he himself had made. 
Dr. Furness then suggested that Mr. Hemingway proceed 
with the collation of the texts, with the idea of preparing the 
commentary and appendix himself. When Mr. Hemingway 
had finished the collation, however, Dr. Furness felt that he 
was unlikely to reach that play and invited Mr. Hemingway 
himself to prepare the commentary. This play is now on the 
verge of completion. 

-About a year before his death, remembering the advice his 
father had given him years back that if he ever got into diffi¬ 
culties he should consult Professor Felix E. Schelling, Dr. 
Furness asked Professor Schelling to suggest two young men 
from the Department of English of the University of Penn¬ 
sylvania who could assist him in his work. Professor Schelling 
named my colleague Dr. Matthew W. Black and me. Dr. 
Fumess invited us to become co^djtors with him and assigned 
us Rickard II and 2 Henry IF to work on. We were working 
under his supervision at the time of his sudden death in igjo. 

At this time, then, four plays (including Henry V, which 
Dr, Furness himself had begun) were actually in process of 
preparation. We whom Dr. Furness had inducted into his 
work felt that we owed it to him to carry it on; scholars 
everywhere told us that so useful an undertaking must not be 
allowed to lapse. But w'e found our resources inadequate to 
carrj' it on without help. Dr. Fumess and his son were gentle¬ 
men of means, who could give the VaKomm their undivided 
attention and pay for the publication of their work out of their 
own pockets. Their successors were college teachers who 
could give the \ ariorum only those rare hours of leisure which 
their duties left them and who had no resources for financing 
the publication of these sumptuous volumes. .Accordingly, 
they applied to the Modern Language Association of America, 
and through it to the American Council of Learned Societies, 
for assistance. In December 1932 the Modem Language 
Association appointed a committee under the chairmanship of 
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Professor Sc helling to consider this problem, and on its recom¬ 
mendation the association undertook the sponsorship of the 
whole project, appointed Dr. Joseph Quincy Adams, the 
director of the Folger Shakespeare Library in Washington as 
general editor to supervise the continuation of the work, and 
assumed responsibility for the publication of new parts of the 
series as completed, ft was at this point, by a happy inspira¬ 
tion, that the committee of Shakespeare scholars which the 
Modern Language Association placed in charge of the work 
invited the American Philosophical Society to assist in 
carrying out its plans. I hope this society congratulates itself 
as heartily as the committee does on the singular appropriate¬ 
ness of this pious act by w'hlch the society agreed to help 
defray the expenses of carrying on a project which has so 
long done honor to Philadelphia and which was conceived and 
for seventy years carried out by two of its own members. 

I should like to explain that the funds granted by the 
society have been used entirely to provide for work on forth¬ 
coming issues of the Variorum series. Inasmuch as Dr. 
Furness and his son, giving their full time to the work, pro¬ 
duced, on the average, one play in a little more than three 
vears. it was at once evident to the committee that some one 
who could give it at the most only one or two hours a day 
would require nearly a quarter of a century. It determined, 
therefore, to use the funds placed at its disposal to obtain full¬ 
time work. Accordingly it arranged with the University of 
Pennsylvania to grant a year’s leave of absence to Mr. Black 
and to me, the university paying a part of our regular salaries 
and the committee the remainder. . 4 s a consequence of this 
timely aid, Mr, Black and I have been working daily in Dr. 
Furness’s own library, which his son bequeathed to the Uni¬ 
versity of Pennsylvania, on the work that he himself began, 
in a sincere effort to advance it as best we can with the re¬ 
sources at our disposal. 

Under these arrangements, and with the Modern Language 
Association providing for publication of our work when it is 
finished, the continuance of the Variorum series is assured. 
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Three plays are under way; one of them can be sent to press 
within a few months as soon as the committee finds means of 
putting it through the last stages of the editorial process, 
and the others may be tentatively scheduled for 1938. In 
addition, the committee is ready to put additional editors to 
work On new plays as soon as it can obtain the necessary 
backing. It feels able to give assurances that the work it 
supervises will not be unworthy of the tradition established 
Furness^ that, if the requisite support is forthcoming, 
it can "complete the series at the rate of one play every year 
instead of every three or four years; and that, in about twenty 
years, which is only a short time in the history of an under¬ 
taking on which two lifetimes have already been expended, it 
can set before the world a completed Variorum edition, a 
veritable monument of scholarship in which all concerned with 
It can take a justifiable pride. 
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Intelligent men who know the facts of science have 
relinquished most of their hopes of supernatural control of 
the forces of nature. Xo matter how devotedly they worship 
their God^ they do not ask him to turn men into ammals^ or 
send rain for the just and lightning against the unjust. No 
devil is blamed for sending a plague of infantile paralysis^ and 
no deity is expected to remove it. Where bullets, blessed or 
unblessed, go is determined by the laws of ballistics. Whether 
a gift to a beggar will benefit or injure him is determined by 
facts of psychology and the social sciences, not by the blessing 
of the church. With few or no esceptions, nature takes its 
course undisturbed by vows* sacrifices# and prayers. 

Science, studying the ways of nature, finds them to be so 
regular and reliable that the assumption that they are per¬ 
fectly so has gradually become almost an ajciom in science 
and Its appikadons. In the faith that nature will not change 
her ways (or customs, or habits, or laws, or behavior in the 
frame of space and time, or whatever the reader likes to call 
them) bridges are built, trains are run, diseases are treated 
or prevented, crops are grown, children are taught. We no 
longer fear^ as men once did, that the sun may not bring 
summer again. We do not pay sacrifices to control the 
seasons, but trust the uniformity of nature and our predictions 
of the earth^s path for thousands of years. We have aban¬ 
doned prayers to the goddess of fertility to bring the seed to 
harvest, believing that the same seed in the same soil with 
the same climate will always produce the same result. 

Supernatural forces were often irregular and capricious. 
In spite of onc's best efforts to induce them to act in a certain 
way, one might be outbidden; and sometimes all bids were 
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rejected m favor of some darling of the gods. But the forces 
known to science always produce the same result under the 
same conditions. 

In human affairs precisely the same conditions rarely, if 
ever, recur. Perhaps no two typhoid infections ever were 
absolutely alikej almost certainly no two cases of typhoid 
infection studied have been absolutely alike. But pathology 
is confident that if identical bacilli invaded identical human 
bodies and were treated identically, the results would be 
identical. 

There has never been another depression just like the 
depression of 1929-?^ there has never been a war identical 
with the World War. The situation of the world on January 
[, 1935 never existed before and never will again. There 
probably has never existed a single village the conditions of 
which were identical at any two momentsj nor any two 
villages which were identical in nature. Science cannot 
roll identical villages down a depression again and again to 
test the laivs of economics as it rolls ivory balls down an 
inclined plane to test the uniformity of the laws of motion. 
But it has confidence that if the same human elements could 
be subjected to the same conditions, they would display the 
same outcome. It believes that the same brain or mind acted 
upon by the same stimuli will give forth the same thoughts, 
feelings and acts. Physiology and psychology use that belief 
just as physics uses the belief that the same mass at the same 
distance from the earth's center will, other things being equal, 
fall toward it with the same speed. 

Nature's ways are not only regular; but to the best of 
science’s knowledge and belief they are also Immutable. 
Nature may add new customs if new things and conditions 
develop, but it does not change its customs of behavior with 
the same things and conditions. Science expects the com¬ 
bination of oxygen and hydrogen to make water a million 
years from now if conditions remain the same. Jf a certain 
equipment of genes under certain conditions of environment 
made John Doc born in [900 a murderer, that same equipment 
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of genes in that same environment will make Richard Roe 
born in 195*^ * murderer except for supernatural or extra- 
natural forces. 

In proportion as power Is taken from personal deities and 
lodged in the uni form and stable ways of nature, man aban¬ 
dons all appeals, bribes, and inducements such as might move 
a super-man who enjoyed mate rial gifts, praise, submission, 
respect, or affection. It is more reasonable to find out the 
course of nature and make the best of it. Propitiation gives 
way to observation and prediction. Science aims to learn 
nature’s ways so as to know what will result from any con¬ 
catenation of events. The present goal of science is to under¬ 
stand and predict every event in the world as it can now 
understand and predict the movements of familiar heavenly 
bodies or the swings of a pendulum. 

But, by a unique parados, science, which finds nature's 
ways invariable and unchangeable, changes nature as the 
personal appeals of religion never could. Science, which 
accepts the course of nature, controls it to an extent and 
degree far beyond the powers of priests or magicians. Science 
can make lightning and direct its coursej can stop plagues; 
can double a harvest; can breed new strains of animals (and 
of men, if human laws and customs would permit). 

In proportion as we treat the vrorld as regular and re¬ 
sistant to outside influences we Influence it. If science in the 
next hundred years should describe the ways of human nature 
and behavior as accurately as it has by now described the 
nature and behavior of the planets and stars, so that man could 
predict what men would do as he now predicts eclipses, he 
would increase his power to control the fate of men. Every 
immutable “ law” of human physiology and psychology would 
turn into an instrument to change human life. By the same 
token, if, by science, I could prophesy exactly what I would 
think or feel or do in every conceivable situation that life 
could offer, and knew that my thoughts and feelings and 
actions in each case were as inevitable as the pull of the 
magnet on steel, I would thereby enormously Increase my 
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power to change my fate. Every fact of the universe which 
science takes from the realm of fortuity, miracle and caprice, 
and puts under the rule of the regular and changeless ways 
of nature, means one more addition to control over nature. 
The more the world is determined, the more man can work 
his will upon it. 

The explanation of this paradox should be instructive and 
comforting to men and women who are disturbed because the 
march of science seems to reduce the world to a mere machine, 
to abolish the freedom of the will and eliminate human 
responsibility. 

They have thought that the paradox was a dilemma—that 
if the ways of nature including human nature were invariable 
and immutable, then no acts of man could change nature— 
that one must choose between science and freedom. 

The paradox is not a dilemma. Science does not neces¬ 
sitate fatalism. The uniformity of nature is consistent with 
changes in nature made by human thought and action, 
especially as guided by science itself. This is possible 
because science is a part of nature, because knowledge is a 
natural force, because human ideas, wants, and purposes are 
part and parcel of the stream of natural events. Your 
consideration of whether to say yes or no in certain situations 
is an event in nature. Your decisions yesterday to say Ko 
arid today to say Yes are events in nature. Both have their 
consequences in perfect accord with the ways of nature. 
But your “No" of yesterday may have changed the world 
by the death of a prisoner whom you refused to pardon, and 
your “Yes” of today may have changed you from a bachelor 
to a husband and been a link In a chain of causation resulting 
in the birth of a child who in 19S3 will discover a cure for 
cancer. 

The essential facts are as follows; The course of nature is 
partly repetitive or cyclical, as in the movements of the 
planets or the turn of a motor, and partly original or creative, 
as in the development of a new species of animals, or the 
construction of the Panama Canal. The distinction Is not, 
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however, sharp. Even the most repetitive parts may' change. 
Indeed they* must If conditions change. Even the most novel 
events consist of old elements In new combinations. The 
net total is a universe changing very little In some respects 
and very much in others, but surely changing from looooo 
B.c, to now, and equally surely from now till tomorrow. 
Within the brains of men, the changes are so numerous and 
rapid that a year's crop within Xew York City alone could not 
even be listed by a thousand chroniclers In a life time. 

Parts of the world change other parts. So changes In the 
moon will cause changes In the tides; the birth of a baby 
changes the habits of a household. Notable among changes 
of one part of nature by another are those initiated by changes 
in human brains. To them are due buildings, mines, farms, 
tools, and all the material paraphernalia of civilisation; laws, 
customs, creeds, and all present forms of social institutions; 
schools, libraries, laboratories, and all the apparatus of 
science and letters. 

The changes initiated in human brains arc on the whole 
serviceable in satisfying human wants. Those -which are 
outcomes of impartial scientihe observation and inference 
discovering nature's ways, have been specially successful in 
satisfying human w'ants. They operate by changing his own 
behavior into forms more suitable to obtain satisfaction from 
the rest of nature, and by changing the rest of nature into 
forms that suit man’s needs better. They work within nature, 
as regularly as any of its habits. Man Is creative, not because 
he is in part supernatural or extra-natural and imposes a 
super- or extra-natural will on nature, but precisely because 
he is, in part or altogether, a natural object, linked in the chain 
of natural causation, and playing a role in nature's long drama. 
The fundamental basis of that drama may be very simple, 
nothing but moving electrons and protons which perhaps 
have always been and always will be the same, but its actual 
course is anything but the same from moment to moment- 
it constantly creates new' forms for itself, and parts of it 
know'n as men share in that creation. 
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One need not be in despair because science teaches that 
the world i$ a great self-contained machine whose operation 
no god or devil can alteti If so, it is a peculiar sort of machine 
which alters itself and has produced the Divine Comedy, 
Paradise Lost, Beethoven’s symphonies, and all the truth, 
goodness and beauty that man knows. If so, man is a part 
of it and is constantly altering it. His duty and his pleasure in 
respect of it will be much the same whether deities outside it 
are or are not active to help or hinder Kim. 

No one should feel that any aest will be lost from life if 
science proves all of nature to operate according to regular 
customs so that an omniscient historian at the end of the 
world could honestly say that never had the same set of 
conditions failed to produce the same result. The zest of 
life does not consist in fortuity and ignorance of what will 
happen. It would not be increased, for example, if days and 
nights come by chance like the red and black of a roulette 
scries. It is Increased rather than lessened by the possibility 
of predicting what will happen in new situations from knowl¬ 
edge of the regular behavior of their components, provided 
there is enough novelty and surprise. There will be enough, 
surely, for the next thousand years, and probably forev'^er. 
The discovery of nature’s uniformities by science leads to 
creative action that Increases the amount and proportion of 
novelty, surprise, and new discovery. 

The threat of a universe without hope because the forces 
in it must inevitably determine every item of its future and 
produce results which an omniscient observer a billion years 
ago could have foretold is an idle threat. In the nature of 
the case there could not have been any such obseiw’er then or 
now. But if there could have been, and if he had left a record 
of what would happen until a.n. loooo, and if his record had 
been found in a.d. 1935 and verified as correct by the occur¬ 
rences say to A.D. I 975 i it would include the fact that science 
profited by it from 1935 to 1975 to increase man’s control over 
the rest of nature and inaugurated the era about 1940 since 
known as the “Era of Hope” when man could foretell the 
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future and control his fate as never before. The best hopes 
we have are those got by the predictive power of science. 
Every advance in prediction means a gain in valid hope and a 
loss for disappointments. 

No one need fear that science will diminish human 
freedom. On the contrary it greatly increases the only 
freedom that any reasonable being can desire. The freedom 
of the will has meant and still means different things, some 
of which are of no consequence whatever to human welfare, 
and some of w'hich are highly undesirable. It sometimes 
means simply that there is a small margin of sheer chance or 
fortuity in the universe. For example, electrons might vary 
slightly one from another In unknown and unpredictable 
ways, but the total or average behavior of any atom composed 
of them might be perfectly regular and dependable. All our 
chemistry and physiology would remain true in spite of such 
uncertainty about the behavior of single electrons (or indeed 
of single atoms). .A margin of fortuitj- in the behavior of 
electrons w'ould be of no consequence in relation to the 
questiort of whether persons have a freedom of the will lacked 
by dogs and cals (or to any question about persons, dogs, or 
cats). 

Another meaning locates this undetermined margin in the 
higher animals, especially man, asserting that human choices 
arc occasionally or in part unpredictable, unaccountable. If 
this be so, it is regrettable, since it would be a cause of con¬ 
fusion and error. Occasionally the best of men might choose 
the worst of courses, or the worst of men upset reasonable 
expectations. Freedom is a bad name for it, for it would 
really be bondage to chance. 

The doctrines of theology and of intelligent people in 
general are wisely not concerned with margins of fortuity 
or unpredictability, but with the freedom of a person from 
domination by circumstances, or with the freedom of some 
core or kernel of a person from domination by circumstances 
or by some more superficial and temporary features of him. 
There are many possible variations on this general theme. 
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Thus some would say that men are not the CTeatures of 
temporar}'' circumstances, but bear, each within is own 
nature, tendencies to favor and cherish certain courses o 
thought and action and to reject or discard others. By birth 
and training, a man acquires a core of personality or sou vt ic 
can dominate circumstances and change their consequences. 
Nothing in science denies this. It might deny that any 
extra-natural force implanted these souls in babies, crediting 
rather the genes in their chromosomes. Others would mean 
by the freedom of the will the power of a man’s deeper self 
to direct his life with or against the pull of external influences, 
or superficial niotivesj or casual enticement^- I srn the 
captain of my fate, I am the master of my soul.” Nothing 
in science denies this. On the contrary, the more fully man 
knows the ways of nature, including human nature, the 
better able will his deeper self be to rule the external, casual, 
transient, and superflcial. 

Everywhere it is the same. Science transforms a world 
of fairies, demons, magic, charms, and luck intp the depend¬ 
able world of “ natural law.” Every addition it makes to its 
catalog of nature’s changeless habits helps man to change 
nature,in cludinghimself. Theuniformityofnaturedoesnot 

take power away from man, but from fortuity or chance and 
from alleged forces which operate partly or wholly by chance. 


SOME REFLECTIONS REGARDING HUMAN HEREDITY 

ALES HEDLICEA 

{RtaJ April iS, rp3S) 

In studies on man, wherever the worker turns, he is 
confronted with the three basic organic phenomena of 
development, heredity and variation. At the 1934 general 
meeting of this Society 1 dealt in brief with the subject of 
human s'ariation; today I shall present a few remarks on 
human heredity. 

Human heredity is surely nothing apart from organic 
heredity in general, yet seems to have various peculiarities 
of its own. It is, regrettably, not amenable to experiment; 
its study is complicated through man’s extensive hybridism, 
his long life, the widely differing human environments, 
occupations and habits, through numerous poisons and 
extensive pathology, and last but not least by man’s mental¬ 
ity; but it has some advantage in that it can intimately and 
over long periods of time be studied in the observer’s own 
person, in his children and relatives and more or less also in 
his friends, in his and other ethnic groups, and in the human 
species in general. Such studies on humans are resulting 
in the growing recognition that the subject of heredity in man 
is even greater than was hitherto or is now generally ap¬ 
preciated. 

Barring incidentals and purely individual or ^‘environ¬ 
mental” acquisitions, an analysis of man’s being and of the 
workings of his system fails to show a single feature, a single 
manifestation, that is not, at base at least, due to heredity. 
From bis inception to his end, both materially and function¬ 
ally, man—^as every other living being — aside from the 
casual and environmental modifications, is the resultant of his 
heredity. In this light, the age-long problem of life itself 

appears to lose its distinctness. If, fundamentally, that is 

m 


2% 


ALES HRDLIOkA 


aside from purely individual acquisitions, all that an organism 
is physically and chemically, and everything it does phy¬ 
siologically and even mentally, is merely embodied and dis¬ 
charging heredity, then life becomes, it seems, inseparable 
from the kinetics of heredity, and the two terms become 
synonyms of one and the same great natural phenomenon. 
If this is wrong, then life must be some still unknown force, 
but one which has no means of manifesting itself except 
through and in accord with heredity and its modifications. 

Other appreciations that present themselves from studies 
on man more perhaps than from that on other living beings, 
are, that heredity is not full-fledged and ready-for-worh at 
any time of the existence of the individual, but that it follows 
a chronologically and otherwise strictly regulated course of 
fruition and emergence j that any portion of heritage once 
fully discharged does not repeat itself in the same individual j 
that the fixedness of the items of heredity is apparently pro¬ 
portionate to their antiquity; that, in a way, there exists not 
only individual, but also sonsething like a family, race and 
even pan-human heredity; and that the emergence of heredity 
can be fostered, restrained, modified, or even stopped in its 
various items, through accidental and even voluntary agencies 
that come, or can be brought, to bear on the process. 

A more intimate approach to these matters demands first 
of all as clear as possible a definition of heredity, 

What // Hfredity? —The most current older definitions 
were that it was “the transmittal of parental characters,” 
or the “hereditary transmission of parental characters to the 
offspring”; which says superficially what heredity does, but 
not what it is. Authors such as Davenport, in his once (igij) 
very good book on human heredity,' or Starling with Evans 
and Hartridge, in the latest edition of their Handbook oj 
Physiology (1933), avoid their own definition. Valuable and 
largely original definitions are given by Conklin, There are 
two of them, one in the earlier and one in the latest edition of 
his excellent book on Ihrfdity and Environment. They are 

^ C Br Dairen port* HtrfdU^ in ta Eugmicif N, Y,, 1913. 
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much alike^ yet somewhat differing, and it would almost seem 
that the earlier one was preferable. They read: 

igiS: Heredity may be defined as the particular germinal organ¬ 
isation which la transmitted from parents to offspring; and, 

1930: Heredity may be defined as the continuity from generation 
to generation of certain elements of germinal organization* 

I have not found yet a succinct definition by Morgan. 
The latest edition of the Encyclopaedia Brittanica defines 
heredity as “the resemblance between an organism and its 
ancestors^ in so far as this resemblance is not due to sinnilarity 
of environment'^; and in the latest and very^ good tesEtbook 
on Tkf Principles a/ Genetics and Engenics^ by Fasten (1935)3 
it is simply ^*the resemblance between organisms related by 
descent/* All of w^hich is descriptive rather than analytical 
and fails short of an explanation. It evidently was and still 
is felt by many that heredity is one of those conditions w'hich 
connect with the very fundamentals of living matter and 
the full understanding of which, as with other such funda¬ 
mentals, Is not yet attainable* Yet so much has been done 
in recent years in the clearing up of the subject that some 
closer approach to a rational definition may be possible. 

Heredity can surely be no quantum or agency apart from 
the material constituents of the organism to which it belongs. 
It can only be, In its substance, the property and quality, or 
briefly constitution, of the ultimate organic elements that 
control development, and its workings can only be a function 
of these elements- 

The ultimate such units, so far known or rather deduced, 
are the genes, which may provisionally be defined as the basic, 
relatively stable, mollecular clusters that embody, alone or 
with the help of the cytoplasm, all the transmissible properties 
of an organism—in other words all the heritage of the past; 
and which, through the discharge of this heredity, are capable 
of engendering and directing all the vital processes and de¬ 
velopments in the body to which they belong. Heredity, 
therefore, collectively, is explainable essentially as both the 
property and the function of the genes; and any modification 
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in heredity implies then necessarily, in the main, a precedings 
corresponding and transmissible modification in the genes. 

The genes may now perhaps be defined most simply as the 
mollecular embodiments of heritage, and heredity as the 
principal function of the genes—or as the principal emergent 
potentiality of the genes. The workings of heredity can only 
be the totality of the continuous specific discharges of influence 
by the genes, modified by that of the varying cytoplasm and 
organization of the different celts* Heredity itself may now 
perhaps be most succinctly defined as the aggregate of the 
fixed and transmissible potentialities of the genes of an 
organism* and its workings as the progressive manifestations 
of these potentialities throughout the life of the individual. 

The gene. In a rough way, may be compared to a man¬ 
made machine. If Incidentally or designedly there is made 
any change to the effective parts of this machine, its products 
will henceforth bear the imprint of such a change; and If the 
machine could lead, as evidently the gene does, to an exact 
reproduction of its hind, the change made would become 
''^hereditar}^^^ 

The above plain conceptions, which 1 believe are now 
shared more or less consciously by all workers of experience 
in the field, are sufficient for an elementary view of the basis 
of heredity. 

Compticatio 7 u .—The discharge of the potentialities of the 
genes is, however^ according to indications^, far from simple. 
The genes are a multitude in number, and what to the unaided 
senses appear to be a single feature, such as the color of the 
eye, the characteristics of the hair, the size and form of a part 
or an organ, respiration, circulation, procreation, memory, 
and every other function, is jn reality a complex and in some 
cases a very high complex, in the production of which there 
is a cooperation of the potentialities of several to many genes. 
Whatever major feature or manifestation of a living body 
therefore is considered, such a feature or manifestation is 
primarily a resultant of the heredities of a group of related 
and cooperative genes* This introduces the first complication 
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into the picture of heredity, namely the phenomenon of 
aggregates and possibly systems of genes which involve 
cooperation, correlation, probably compensation, and other 
positive, with probably also neutralization, inhibition and 
other negative or restrictive phenomena. The laws that 
control these gene associations are as yet unknown and per¬ 
haps unapproachable. 

Conifnding Hfredities .—Connected in a way with the 
preceding yet quite distinct, are the results of the unions of 
differing parental heredities. Such unions in organisms with 
sexual reproduction are, of course, the rule, but nowhere are 
they as complex as in man. They bring together genes — 
heredity carriers — of differing, and at times or with individual 
genes greatly differing character, and there must be a great 
many differing reactions between such genes, with many 
differing results. If the genes blended or harmonized, 
matters would be simple, for the product would then be 
comparable to the mathematical resultant of the union of two 
quanta; the indications are however that a good many of the 
parental genes do not blend or harmonize but preserve more 
or less of their individuality and in instances even antagonism. 
The result in such cases is not the discharge of one fused but 
of two separate coeval heredities, which leads to complications. 
Some of the unblended or disharmonic genes in such cases are 
bound to be more potential or 'dominant,’ some weaker and 
hence ‘recessive.’ 

Many dominant and recessive hereditary items are already 
known in the subhuman organic forms, particularly in pig¬ 
mentation and other features of the epidermal structures; 
in man their studies too have progressed, but are beset with 
greater difficulties. But there are probably all grades of 
dominance, recess!veness and antagonism between the hered¬ 
ity-potentialities of the genes, and the interactions of their 
discharges can only be viewed, it seems, as contending he¬ 
redities. This notion is strengthened by the fact that during 
the life of the individual who in one respect or another carries 
such contending heredities, for a time one and after that the 
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other comes to predominstc. There are many examples of 
this in man, in pigmentation, looks, behavior, character, etc. 

Gradual Emergfnce .—A ver>' great complication in the 
study of heredity, particularly again in man, is that at no 
time in the life of the individual does there exist, or is 
possible, a full and complete expression of his hereditar)' 
endowments. At all periods of life, from the very beginnings 
of the individual, some of his heredity has already emerged 
and produced its effects and these have been followed, 
obscured or even 'wholly superseded by others^ while at the 
same time an indeterminate quantity of heredity is still 
dormant, still to be matured and then discharged. The more 
attention is paid to this subject the more it becomes evident 
that, as everything else in an organism, so heredity has what 
can only be termed its own life course, and that it must be 
viewed as an endowment gradually developing and emerging 
throughout the organism's existence, even to his death; alt 
of which in marvelous regulation quantitatively, qualitatively, 
sequentially and chronologically. 

As the age of the individual advances, one hereditary 
potentiality after another is discharged, weakens and fades 
out. The hair begins to gray or fall out, the sexual functions 
terminate, the teeth weaken and are lost, the strength di¬ 
minishes, the eyes fade, resistance totters—-until some disease 
cuts short the career, or until hereditarj- emergence dies out 
and the body dies with it. The last "breath” of heredity 
under normal conditions, would also be the last breath of the 
lungs, the last beat of the heart, the last flicker of conscious¬ 
ness. 

These seem to be in a measure new realizations. Thev 
imply that the genes themselves have their life-course of 
progressive development and function, to which the rest of 
the organism conforms, Meredity is not at any time of life 
a reservoir of impounded ready-made influences that are 
gradually being discharged, but a flux of progressively devel¬ 
oping active emanations that even more than organic evolu¬ 
tion deserve the term emergent^ 
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Locamn .—The next large problem concerning hcredliy 
Is its location in the developing organism. In the inception 
the hereditary endowment must naturally have all been 
located in the genes and perhaps plasma of the egg and the 
sperm, but where is it lodged and from where does it work 
during the life of the individual.> In other words what, 
outside of the germ cells, is the spatial location of the function 
of heredity in an organism, and particularly in man? Is it 
limited to the genes of the ceils of the all-coniroling centra! 
nervous system, or is it generalized in the genes throughout 
the organism? And if generalized, as seems most probable, 
has it specialized w'ith the different tissues and organs so that, 
for instance, the dermal cells, after their differentiation is 
finished, carry only genes that discharge dermal, the brain 
cells only genes that discharge brain heredity? These queries 
may at first seem odd, but they are not so on closer attention. 

So far as known all the cells of the body receive the same 
chromosomes and the same genes. That this is so appears to 
be corroborated in various low'cr organisms where whole 
complex parts are regenerated, when lost, from partly like and 
partly unlike tissues. In man and in other higher organisms 
repair seems to be possible only by elements of the same 
tissue, which means a more advanced cell specialization. 
Such specialized cells are presumably capable of discharging 
only heredity of a particular kind—the epithelial cells the 
heredity of epithelial tissues, the nerve cells that of the nervous 
Structures, etc., which agrees with the generality of the ob¬ 
servable facts. .According to this concept evert' separate 
tissue and organ of the human body would possess its own 
heredity emergences, the rest being in some way inhibited or 
obstructed. 

That the germ cells have no influence on the rest of the 
cells of the body in these respects, is shown by the impossi¬ 
bility of such effects before the germ cells have reached matu¬ 
rity, or in advanced years where they ceased to be produced, 
or in cases where the spermatozoa or ova were killed by rays 
or disease, and in cases of spaying or emasculation. In the last 


302 


ALES HRDLICKA 


named instances certain systemic changes follow but they are 
due to the deprivation of the body of the secretions of the 
sex glands. 

A great problem is the role in the workings of heredity of 
the central nervous system. The in6uence on the functions 
of the body of the cerebrospinal together with the sympathetic 
centers and ganglia, together with the aid given by the 
secretions of the ductless glands, seems absolute; and as the 
workings of heredity are a true function of the cells or genes, 
so it would appear this too must be controlled. Other 
conclusion seems impossible, unless the claim could be 
ventured that it is the central neivous system itself, after its 
formation, which embodies and discharges heredity. The 
evidence of successful grafts, and that of anencephalic mon¬ 
sters seems to oppose, the paralyzing and degenerative 
changes follow'ing certain brain or spinal cord injuries to favor 
such a view. These are as yet unexplored acres. Physiology 
and medicine know many connecting facts in these respects, 
but their true interpretation is difficult. 

What may provisionally be concluded on the subject of 
localization of the functions of heredity is that, according to 
present indications, this localization is pansystemic, but 
specialized for each separate tissue and organ, and controlled 
in its discharge and workings by the ner^mus centers. 

The subject seems further complicated by the relative 
masses of the different tissues in different individuals, under 
normal conditions. If every cell in a given tissue or organ 
carries a definite amount of hereditary potentialities, as 
would seem probable, then the resultant hereditary emana¬ 
tions ought to be proportional to the number of cells in such 
a tissue or organ. If this is true, then the totality of the 
emerging hereditary influences in a series of subjects could 
be expected to be biased in accordance with the defect or 
excess of given tissues in each individual under or over that 
taken as a standard. Thus conceivably even identical twins 
in one of whom one and in the second another system of 
tissues would accidentally or otherwise be developed to a 
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infltcriillx greater ttisssj ought to differ somehow in their 
hereditary expression. Perhaps the ner^'ous control takes 
care of this; but perhaps also this touches the roots of “con¬ 
stitutional” differences in hutnans. 

\Vc are now dealing with matters which are largely outside 
of the possibilities of experimentation on lower animals, and 
practical approaches to which must be mainly observational 
and analytical. Such observations lead next to the ap¬ 
preciation that all the hereditarj' endow‘ments of any creature, 
but man more especially, are far from equally fixed or equallv 
potential, 

Relittivf Fixity ond Strength of Hereditary Endotsyfients, 

In the studies of human heredity it has long since become 
evident that the older the hereditarj^ endowment chron^ 
logically, t.i-. phylogenetically, the more fixed it is and the 
harder to alter or get rid of, and vice versa. The five fingers 
and toes, the greater length of the medius than that of each 
of the other fingers, the whole ground plan of the body and 
the skeleton, all the vital functions, all the instincts, are 
examples of the old and most fixed inheritances; while blond¬ 
ness, many of the special physical and physiognomic charac¬ 
teristics of the modern civilized man, and many of his higher 
mental attributes, are among the latest acquisitions and least 
stable. The point in all this is that in man, and probably in 
all other living beings, it is necessary to take cognizance, aside 
from the mendelian dominance of one factor over another due 
to the sexual differences in the strength of these factors, also of 
the dominance of greater fixedness and greater potentiality, 
regardless of sex. It is not improbable, even, that mendelian 
dominance may in general become explainable on these bases. 

The dominance of old over more recent heredity is shown 
most palpably by the rapid changes to more ancestral forms in 
various characteristics of domesticated animals that have 
reverted to wild existence. 

Latent Heredity, — A phenomenon observable now and then 
in human heredity is the revival, in some individual, of an 
ancient prehuman character that seemingly had already been 
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lost during hum^n evolution^ This applies to various physi- 
calj physiological and also mental features. As geological 
time went on and the human line evolved^ various old he- 
rediiary cudowmtnt^ lost ihcir importsnce, or were neutra-' 
lizcd more or less, or covered, by Ister hereditary acrjuisitions, 
and as a result their manifestations weakened, or became 
siibmer|;cd and dormant, finally In cases to vanish completely. 
But a targe number remain, and the persistence of these 
weakened hereditary items is very striking, extending in 
instances to whole eras and tens of thousands of generations 
in duration. Their manifestations In man arc the innumer¬ 
able reminiscences of the past which, in instances, revive 
sufficiently to reproduce more or less an ancient structure 
and are then known as atavisms, such as for instance the 
supracondyloid process of the humerus, or the fourth molar; 
or they exist or revive during the embryonal life or in infancy, 
such as the external tail, or the running on all fours, and then 
become rudimentary or give place to manifestations of later 
heredity. Human infancy, as I have shown in the study of 
Children JVho Hun on JU /’oarj,* is full of functional tem¬ 
porary revivals of this nature. It is evident that the heredity 
of such characters has not really been lost In the evolutionary 
course, but only repressed or weakened, and that in some 
individuals and under some conditions more or less of the old 
potentiality for the character is liberated or restored. 

All atavisms or reversions under this view become thus 
really revivals and their occurrence collectively ts an indica¬ 
tion that besides his emergent heredity, or that which comes 
to be manifested in his life, every human carries amounts of 
heredity that in the course of time have become weakened, 
restrained or inhibited, but remain capable under favorable 
circumstances of more or less resuscitation. 

Mendeliim , — In plants and animals the workings of hered¬ 
ity follow in general the well-known mendelian laws, though 
there are numerous minor irregularities which so far have 
received Insufficient attention, being over-shadowed by the 

’ MeGriiv-Hitl BooL Ce., N. Y",, (9^1, 
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main phenomena. What the conditions are in the primates 
is as yet rather vague, the data being stiU meager. As to man, 
there exists already a vast amount of more or less directly 
relevant observations and discussions, yet not enough 
definitely to settle many and especially the main problems. 

From what is know'n about heredity in man, it appears 
that its processes and manifestations are basically the same in 
him as in living beings in general; the mendelian laws are 
manifest also in the workings of heredity; but there are 
notable exceptions, and there come into play conditions 
which do not operate, or do so much less, on other c re a tu res¬ 
in many normal human characteristics and functions, such 
as the color of the skin, the physiognomy, the size and shape 
of the skull, the mental characteristics—the mendelian laws 
apparently do not apply, or apply In but a faint manner. In 
place of clearly defined dominance, recessiveness, and seg~ 
regation in the second and future generations of a racial 
mixture, what shows mostly is more or less of blends, incap¬ 
able for the future of full dissociation. In the color and form 
of the hair, especially in the color of the iris, in various mental 
phenomena, etc., there may be partial reversions to one or 
the other of the principal ancestors, but apparently never a 
complete reproduction of any of the ancestral forms. It 
would seem therefore that the male and female genes in man 
in a large measure blend or cooperate more intimately than 
they do in other organisms. 

Crossed Inheritance .—^Au interesting peculiarity in the 
workings of human heredity is the popularly well-known fact 
that, with all its blends, the sons frequently “take” more, 
mentally, physically or both, after the mother, while the 
girls will resemble more the father. I am not aware of any 
scientific data on this subject, but everyone with experience 
has seen more or less palpable examples of such crossed 
inheritances. A point in this connection is that a greater 
resemblance to one parent in childhood, especially physically, 
may after puberty fade out or even change to that of the 
other; or that a resemblance to one parent, especially in 
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habits dr mentally, may become more manifest after puberty 
and even later in life, than it was earlier. This would seem 
to indicate that the relative potentialities of the parental 
genes do not always remain the same during the life of the 
individual but that for a time those of one parent and then 
those of the other may predominate. 

InUrTfsrenc ^^, — A complication that affects the studies of 
heredity is the complex of environmental or more properly 
extra-gene circumstances that favor or repress the workings 
of heredity, and particularly so in such a highly organised, 
and through the extraordinary development of his brain 
substanially altered, being as man. Heredity in no human 
being can have untrammeled play, or at least not so in all 
directions. From his very inception the emergence of his 
heredity Is affected more or less by nourishment, stimuli, and 
repressives received through the mother; while after birth he 
is acted upon by the quality and quantity of nourishment, 
by bacterial hosts, by the totality of his environment. To 
which are soon added ail the rules and inhibitions of training 
with education, and in time all the more powerful impulses 
originating in the mentality of the individual himself. The 
emergence of heredity, therefore, in the human being, is not 
a fully free process but one beset by many stimulating or 
checking influences, that cannot but have their results both 
somatologically and functionally. This means that the 
student of human heredity is in many respects confronted 
by obscured or acquired results, which render his researches 
much more difficult. 

IndividuaL altfrations^ —Hereditar)' potentialities are very 
tenable and even if modifiable more or less in the individual, 
they cannot be altered permanently by any ordinary means 
But they may be damaged or even destroyed by poisons, 
particularly those of disease, by appropriate rays, and by 
great shocks. And in the long run the genes and hence 
heredity may evidently be altered regressivcly, in norma] 
ways, and even progressively by a multitude of agencies 
acting in given families on a series of generations. These 


REFLECTIONS REGARDING HUMAN HEREDITY 307 

alterations In hcre< 3 ity can only be conditioned by physical 
or chemical changes in the genes and whatever iheae connect 
with in the germ cells. How such gradual alterations in the 
genes or their auiilllaries are brought about is as yet uncertain. 
That such alterations become set and transmissible, is a 
proof they do become the property of the genes and germ 
cells, and these could only have thus effectively been reached, 
it would seem, either chemically or through tier\-ous or other 
radiation. The corpuscular theory of Darwin which stip¬ 
ulated the germ cells to be affected by potential particles 
carried to them from all the different parts of the system by 
blood, has found no material support; but if not that then 
there would seem to remain only chemical effects, or nervous 
and other radiant impulses, of which in the case of progressive 
changes the latter would appear the most probable. 

The gist of the matter is that, so far as man is concerned, 
lasting alterations in his individual hereditary endowments 
are possible; that many such alterations are of pathological 
nature; but that there are observable also changes in normal 
individual human heredities some of which, at least might 
prove progressive, if conditions for a long time were favorable. 

Group Man'ifestatio^is 

Hitherto both in the general studies of heredity and in 
this paper, attention had been centered on the conditions in 
individuals and their families; it is now timely to extend the 
scrutiny, and that particularly in man, to what may be 
termed group manifestations of heredity. By group mani¬ 
festations are meant such workings of and especially changes 
in heredity as are manifested jointly by whole blood-related 
communities, tribes, nations, or races,—or that are even 
panhuman. 

Such group manifestations are naturally but summations 
of Individual changes, but they are generalized changes and 
can be fully shown only by the group. 

The most common of such phenomena are group fecundity 
and mortality; group changes in pigmentation, stature, head 
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form, teeth, Jaws, physiognomy; all the transmutations that 
lead either to lasting group weakenings or improvements, 
and organic evolution in general. A brief notice may here 
be taken of several such group phenomena. 

jiccrftion .—SomatologicaJly perhaps the simplest of these 
concerns the mass of the body. A progressive hereditary 
accretion is observable, for instance, in the stature of the 
older American families. The stature in these families has 
been slowly increasing for several generations, until the old 
Americans of today are the tallest larger human group in 
existence.^ The process according to the latest measurements 
of the college students in various parts of this country appears 
to be still continuing, has extended to even the more recent 
American population, and has within recent years become 
observable also in Scandinavia, Holland, Japan and other 
parts of the world. Here are probably several influences at 
work, namely, a liberation of the hereditary stature-po¬ 
tentialities from repressions, and continued wholesome stim¬ 
ulation, with ample nutrition. 

There are many examples of similar progressive accretions 
in the palaeontological history of various otlier organisms 
particularly in the size of the body, tusks, horns, brains, and 
other organs. Such changes, at first propitious and useful, 
beyond a certain degree may prove very disadvantageous and 
even detrimental. 

fntggraiioH, An important group manifestation of human 
heredity is integration. Wherever any segregate human 
group intermarries within itself for a prolonged number of 
generations, no matter how mixed such a group may have 
been to start with there manifests itself within it a progress 
towards the formation of a more homogeneous unit and type, 
in other words a progress towards somatic, functional and 
even intellectual integration, h is as a result of this phe¬ 
nomenon that the many existing nationalistic aggregates, 
though all of a very heterogeneous origin, have in the course 
of time developed approaches to national types which, if 
‘See HrdJi«3ia, A.. Tkr Old Baldmort. iWllliamt & \VlIkin*). 
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they could be kept from further material admixture from 
ouL$ide. would in all probability proceed towards the forma¬ 
tion of distinct human races or varieties. Even in this coun¬ 
try, among the older stock there are already distinguishable 
approaches in that direction j and the still more interbred 
Appalachian mountaineers show even more uniformity.* The 
basis of such integrations must be largely a blending of hered¬ 
ity, but this is not the whole explanation. 

Restitution.- — ^Among the most remarkable and important 
phenomena connected w'ith heredity, are that of the control 
of the coordination and balance of the hereditary manifesta¬ 
tions in any given organism, and that of restoration or 
compensation when any part is damaged or lost. Both of 
these arc the results of a definite function of the central ner¬ 
vous system, but this function is so universal that it must be 
among the most fundamental attributes of heredity. Its 
effects are regeneration and restoration of the blood, bone, 
tissues of organs and brain machinery, after damage or dis¬ 
order. Where it fails there follow lack of repair or dishar¬ 
monies of structure, function, mentality. And this is not 
merely an individual but also a group phenomenon. It 
means that when the harmful agencies have not caused a fatal 
defect, everything tends gradually towards a compensation 
and restitution. In medicine this beneficial phenomenon has 
long been knowm under the term err mediAttix nature — ^the 
nature’s healing power. Were it not for this, whole families 
and perhaps even groups would have died out or would now 
be dying from the effects of syphilis, tuberculosis, insanity, 
and other serious maladies the predisposition to or the harm 
of which are heritable. What happens instead is that, while 
the badly damaged individuals are eliminated, in the rest the 
transmitted damages are gradually overcome and in the 
course of time, with the help of more normal strains, the 
family or group reach once more to or near the realm of 
normalcy. 

Heredity and Human Jgencies—Vinous constituents of 
human heredity may be fostered, or hindered, consciously 

■ See HriUidka. A., The (M itmeniam, B«ll(niaie, 1915 ^WtlHacD* & \MIkiils). 
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Or unconsciously'. Its emerge nee may be accelerated by 
training) education) will, favorable conditions) by all the stv 
called ‘eugenic' agenciesj it may be retarded or evcri neutral¬ 
ized In a measure by nnfavorable or ‘dysgenic’ conditions) by 
the conscious building up of ‘walls’ of resistance, or through 
compensation. The whole moral training of man is based 
largely, If empirically, on these possibilities, and so is much 
of medicine. Eugenics in this light might be defined as the 
science of the promotion of normal heredity. 

Higher Menial Phenomena—The above does not yet 
exhaust the peculiarities of the workings of human heredity. 
The field of higher mental phenomena has barely been 
touched. One of the most baffling manifestadons in this 
line, based unquestionably In some way on heredity, Is the 
origin from common stock of greatly talented individuals 
and even of real geniuses and again the extinction of such 
talents or geniuses in their progenies and communities. .All 
that can be surmised in this connection is that in the first 
case there must have chanced rare and highly favorable gene 
unions or relations, while in the progeny this is disturbed by 
the introduction of less propitious gene'Cndowmcnts through 
the mate of the exceptional individual. 

Ecointion .—‘In view of the palffiontological history of man 
and of organic beings in general, this is the most conse¬ 
quential of all the group phenomena connected with heredity. 
It means a progressive development of whole parts or species 
in lines of new adaptations or acquisitions, towards new parts 
and species. The substance of the progress can only be 
generalized changes In the hereditary endowments of a species 
and consequently in its germinal cell genes, plasma and organ¬ 
ization. There can be made no effort here at a discussion of 
this vast subject. Suffice it to say that the hereditary 
changes involved in evolution reveal some new phenomena, 
which are, first, orthogenesis, or progression in a part or 
organ In a given direction; and, second, a tendency towards 
progression in the directions of greater complexity and greater 
effectiveness. There arc many complications in this through 
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natural selection and other factors, but what appears clear In 
view of the facts is that the genes and whatever else is con¬ 
cerned with heredity must be capable of verj' great differ¬ 
entiation. 

Thf ‘Dying Out of Hirediiy ,—As the individual organism 
advances in age, all or nearly all of the important potentialities 
of his hereditary endowments have been gradually discharged, 
changed into kinetic influences and become used up or ma¬ 
terialized, with less and less remaining to be given and done. 
The effervescence of childhood and youth is followed by 
relative stability, which slowly passes into the weakenings and 
disharmonies of senility, and these progress until some vital 
part of the system is no more able to proceed or resist suffi¬ 
ciently and the individual reaches his death, the breakdown 
of the worked-out machinery. The exhaustion of the chief 
hereditary potentialities is inevitably followed by death of the 
individual—a final evidence of the close relationship of life 
and the charge of heredity. 

Concluiion .—In conclusion of these few reflections on 
human heredity, I can offer only the realization that the 
problems of heredity in man differ in many respects from 
those In other living forms, are infinitely complex, all-im¬ 
portant, close to if not identical with life itself, and far as yet 
from being adequately covered and understood. No defini¬ 
tion of heredity, even if it could prove so faithful as to be 
generally acceptable, is yet capable to offer an explanation of 
the basic substance and workings of the phenomenon. Genes 
help to locate the bearers of heredity in the cell and experi¬ 
ments help to show the gross mechanism of heredity but 
neither is capable of giving a full understanding of the process. 
There must of necessity be some material determinants, be 
they clusters of or single molecules, that tarry or embody 
heredity and will be able to cause certain results, chemical, 
morphological, functional and even mental; but ju$t how this 
is done, how the potentiality is embodied, discharged and 
becomes effective, is as yet wholly obscure. There is nothing 
in chemistry or physics or dynamics that even suggests any 
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retation to such workings. Wc may say this is something 
“organic,** but that is hiding behind a word that itself is no 
better understood. The emergence of heredity is tremen¬ 
dously well ordered, efficacious, lasting how can its deter¬ 
minants be so small and yet evidently so highly organized 
and influentialf The total ancestral heritage of man, reaches 
in some respects millions of years back, condensed to almost 
nothingness in the germ cells, yet with the power to induce 
the faithful reproduction of everything received, and that 
during the long life of the highly complex human individual. 
All this merely in appreciation that we arc confronted here 
with problems that are as yet far from solved and even seem, 
for the present, beyond man’s comprehension, 


SOME FRAGMENTS OF THE OLDEST BEATTY PAPYRUS 
IN THE MICHIGAN COLLECTION 

HEITRY A. SANDERS 
April ip, ipifi 

This lot consisted originally of eight small fragments 
(Mich, Inv. 5554) which were reduced to six by combining. 
The largest is about four inches square, the smallest two 
inches by one. They were purchased for the University by 
E. E. Peterson, Director of the Excavation at Korn Aushim, 
in 1930 and were sent to the University with other fragments 
and documents purchased that year. I saw them in the 
summer of 1930 and identified them as belonging to Deuter- 
onorny. Also about that time word came that Mr. A, Chester 
Beatty of London had made a large purchase of Biblical 
papyri the previous spring, so there was immediately the 
suspicion that our small fragments came from the same dis¬ 
covery. On my return to Europe in September 1930 1 took 
with me photographs of the eight fragments. Mr. Bell of 
the British Museum confirmed our surmise that the fragments 
belonged to the manuscript of Numbers and Deuteronomy 
of which Mr. Beatty had purchased a considerable portion. 
As that manuscript was in very fragmentary condition, it 
had been sent to Berlin to be mounted by Dr. Ibscher. 
There I saw it a few days later and the leaves to which our 
fragments belonged were determined. The photographs were 
left with the manuscript and later came into the hands of Sir 
Frederic Kenyon, who is engaged in publishing the Beatty 
Papyri. Thus far he has published only the New Testament 
fragments, but when he reaches the Numbers-Deuterotiorny 
papyrus he has the permission of the University to include 
its fragments also. In the mean time I am exercising our 
right to prior publication. 

This papyrus is certainly the oldest of the Beatty Collec- 
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lion. Sir Frederic in Vol. 1 , p. 7 of Tke Ckfster Bfotty Biblical 
Papyri has dated it in the second century A.D. On p. 13 of 
my edition of the Epistles of Paul (University of Michigan 
Studies, Humanistic Series, V'^ol. XXXV HI, Ann Arbor, 1935) 

I have also dated it around the year A.D, ioo, though 1 do 
not venture to affirm that it was from the second century. 
The difference is, however, not important. The fragment 
was certainly from a time well before Origen and thus must 
have escaped the influence of his great Hexapla edition. 
Whether this manuscript also will have examples of accom¬ 
modation to the original Hebrew such as were found in the 
papyri of the Minor Prophets and of Genesis published by 
me in 1928, can not be affirmed on the basis of these few 
fragments. It is to be hoped that the larger Beatty fragments 
will be able to decide the matter. 

Of the six fragments as at present united, the first three, 
one from Chapter ii and two from Chapters 28-39, show 
that the text on the recto precedes that on the verso, "while 
the last three. Chapters 30 to 33, reverse the order. Below 
the text on fragment D there was found a tiny bit of papyrus 
firmly stuck on, having on the upper side the uncial H follow¬ 
ing remnants of an illegible letter, below which in semi- 
cursive The verso is blank. This may be a bit of a 

marginal note on the bottom of the page which preceded this 
fragment in the manuscript, or it may be a foreign bit of 
papyrus. 

The writing is a small delicate hand without shading of 
vertical strokes or the other ornamental additions usual in 
the third and fourth centuries. In general, the forms of the 
letters accord well with a date in the late second century, 
though the prolonged middle stroke of t, the enlarged a and 
the use of ornamental line fillers are more prevalent later. 

As this is the oldest manuscript of the Septuagint thus 
far discovered, the character of its text is most important. 

In these small fragments we find evidence of over fifty 
variants. In nineteen cases the papyrus is without support, of 
which nine are of some importance. It seldom agrees with E 
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when that manuscript is supported by only a few minuscules. 
No manuscript agrees regularly with the papyrus. Of the 
uncials, G, which gives the Hexaplaric text, has the most 
agreements, ten, while all the others have either six or seven 
agreements except li, which has only three. Of the minus¬ 
cules, X* stands the nearest with eleven agreements, c and u 
next with ten each, while b and w have nine each. 

In my study of 0 , the Freer Deuteronomy and Joshua 
(University of Michigan Studies, Humanistic Series, Vol. VilT, 
Ann Arbor, 1917), I pointed out the remarkable agreement 
between 0 and minuscules 34 75 (Broolic McLean, 

g and n) in Deuteronomy. This is confirmed by the com¬ 
parison with our papyrus which agrees with Q, g, and n 
exactly the same number of times each, six. 

Of the minuscules not included in the Brooke-McLean 
edition, Nos. to8 and 118 of Holmes and Parsons are notable 
both for agreements and disagreements. When not in accord 
with the papyrus they generally agree with B. There are 
ten agreements of MS. 108 with the papyrus and eight of 
MS, it8. These manuscripts are also found supporting b 
and w and less often B, 

The general interrelationship of the papyrus with the 
manuscripts just mentioned can be indicated by listing the 
more notable readings. 

II. 17 is vjitv: against 0 b g n w 108, 118 Opun). 

32 xwfu' for tc 6 TiHclt' ~G0bcgi*mnouwia; 108, 

n8, 128. 

raw® for airrm) = G (sub 7) c X Sahj A y have fiay. 

28, 23 — = F G N b d m n o p q t w X * bs loS, 118 Arm 

Eth Laf, 

24 Ttf yi} for Tijt Tfiji = A B F* G M 0 c I o t s u V y aj bj 
85, 130 Lat”. 

28 Omit KHi before aaflcwm ^ B b w 108, 

Omit Jtflt after aopadia = b u w ai loS Lat*. 

33 fo^^P'ni — b w; 108, 118 (vytafBt «). 

1 Brooks Knd McLean aumbcTs uted w far Given, ^uppIciAcated fiom 
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39. 2 — rc« = A G M a h r y bi. 

31, 31 <Tt[\i}(r^|»rfu: for iirtXifffflj = 0cdegjlnpstuvxz 
a, 16, 30, 46, 71, 73, 74, 76, 77, 85, 130. 
fH t[<ra7a('yfi;»] for nf ~ 0 b g 1 n b* 108. 

33. 37 — vat^B, = bSi; Fftcgixbi transpose. 

Some of the above readings need a word of explanation. 
The use of tavra for aiwii in II. 33 has very weak support 
and in G it is marked with an obelus. Therefore it seems it 
was in Origen’s Septuagint text and he marked it for deletion 
because it did not appear in the Hebrew. Only two of Brooke 
and McLean’s manuscripts omit, k and o, but #iom as well as 
ttirw appears as a variant. All three of these variants prob- 
ably antedate Origenj only the omission can be considered as 
due to his influence. 

The three agreements with the very small group in 28, 28 
and zS, 35 suggest that there must be a closer relationship to 
b, w, and 108 than the total count given above W'ould suggest. 
Probably all contain a goodly amount of pre-Origenic Egyp¬ 
tian text, either somewhat corrected in each case or from 
differing types. 

The transposition in 31, 21 is characteristic of the same 
type but there w as well as 118 has suffered change. In 11, 17 
the transposition characteristic of this type does not appear 
in the papyrus. There arc two other cases where the mem¬ 
bers of this group seem to unite on a variation which does not 
appear in the papyrus. The evidence is too scanty for a 
dehnite conclusion, but it seems to show that the papyrus is 
related to the parent or to one of the parents of this group. 
B has a similar relationship to this late group but it is less 
close and there is no bond between the papyrus and B except 
that both originated in Eg^'pt. 

The notable readings of the papyrus for which I have 
found no support are the following: 

II, 17 iji'for^. 

28. z8 (TapaTXijJfat for TopairXTffi^; probably due to the influ¬ 
ence of an iota adscript; cf. 28. 22, lajcpm lor 
where the reason is obvious and W'here the abbre- 
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viation stroke over at came from some attempted 
correction, 

34 Space indicates that was omitted. 

29, 2 for 

30. 16 rajMirffsorflfli for itop€iM^ 8 m* 

3s. 3 for jfttraJcX^poMM^ 

29 for 

32. 27 + OTI after ttLtrra. 

The notable variants of B in the same passages which 
are without support, are as follows: 

28. 24+4 OTOV. 

— krL as. 

(a«^) + t? rdx^i+ 

28. 29 (slw ei) + TLf. 

— ffoi (after Iffrat)' 

41 — ffoi (after taovrai). 

65 Uapilay) + irfpa^. 

32 . 10 + y§ {avu^pt^). 

The text of B is quite as erratic as that of the papyrus and 
there is never agreement between the two in these singular 
readings. Only when bw loS or 118 also agree are the 
papyrus and B found in support of the same variant, and 
either of the two older sources may vary from this type. If 
we may judge from this small sample the most notable con¬ 
tribution of this old papyrus manuscript will be to discredit 
the text of the Vaticanus (B) which has so long been the 
standard for the Greek Old Testament. 

The Text of the Fragments 
^ TfCtO 

Deut* ii, 17-18 

^^KPEX Ov]k e[ffTCU Q WW K<Li 
7)17 Otf Tci^ j(ap 

cmTf^ KOI airDX[f]i 

5 71?f 71 ?¥ 170^5 III' t 
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ra pnjiara 
ratrra et? Kap^i^v 

icat (tf Tjjj^ 

A ^erSO 

Deut* tty 31-33 

-ffflt rryp Tjv []« 0 Si 

(V TTWflS Tftt 

If^pdt jcai KATOUfTl > 

5 fftr# fP nuyjj ^*tat ^Xo 
w'^iteiv f Qi'Ta 
Ttt Tfl T/WWTa^^ftTfl 

Tfiurd (Cat rat 

Line 7. First ra crosscd out hy Uter hand. 


B Tfeto 

Dent, zSj 22-25 

a jfcu 777] 

ro^uipJffH^riiL at t£i?t 
av aylaXfOTjre ^uai t 
5 aT^t {r]ot D ouisaw 0 

Ttp xhv^oXTpt aov xoX 
KOUt] Kfli ^ 71J E^oko; 

TW ffw] tff 

roi^ h]«r0i^ rq 717 ffaf wa 

TO f'taprjoi' ji£at roL^ 

oupaj^Joir jtaTo^ijtferat 
twi aje ton <iv 

at] Aai aTToXt 

07 ? oi] ^doyq vt 3 ^ > 

15 ojeaxi^j^ ii^ai^Ttay roup 

Line 4. T corrected to a man. 2; i.c^ dxoXiou oc 
Line S. a is by second hand; first hand illegible 
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Line S. 
hand. 


28, 27--30 

*^TaTa^Jai ct JirapfflirXTj 

fat OQparia fl^rcio'ci 
fiO^oiat ifinj ^ 

m (I |frFjXilVrtffl[ill 0 TM 
o TtJ o'jcflirci irai 
otJK [raf 0 

lott ffoy iffli eoTj [roTt 
10 oAuuNt'^ciw k[(u 

xfaijar 

raf T};ititas ifa|i cnjit c 
ffroi vm 0 ^yv 

i^atKa K[ai ain^p 

15 ere^ a[un7if Ot 

0 £Jtp[ 34 M^^«LS 

otrx [oucij^Etr fy av 

Flr^t €1. crossed out and q written above by later 
B jr^rjo 

Deut. 28^ 3 S “33 

, » , «i; aifrja ica{£ otnc 
i<rxv^fi~ ]tT ff{(w ^To. 
cc^^Jia TfiJf 

j<ai TffUf TQ 

5 poiwj ffiou e 

D avt^ iTiara 
o'oi] ^oi #017 o^umv 
Mfpl« 

(r|4j«]w raffas raf ^ > 
to ^pjar ®Vat Knj itapa. 
irXTTJrrjos 5 tfl ra opapa 
ra rjaMr o^pBakp^if 
fl ^X]qh ^^rarafai ae 
Ki fXteti TO^pca 
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15 eiri ra 7}oi^aTa Kat € 

irt ras UNm 

if€ vyt 

dFat arO ix^Jw^ 

Line 5. ssaytTf. first hand; at above last e, second hand 
Line 14. X from first hand, but < written first. 

z8, 38-41 

f[« to ’W^iOP 

jcoi &Xt7a *tirg[ta«it <J 
Tt jfaTcMrfli a[i^ta ij a 
K/ar ®a>ixcX4^[i'fl ^ 

5 Tfv^uv iai *:[aT^p7ft 

Kat ftiiwy w ir[i«f at 

I ayTOtf ori CTi JtfllravJa 
7fTfl4 ayra ly 

1 t> saoPTHi [tfoi 61^ Ta 

iffi TOi! cpttHt irloy A^at t 

Xatw Of ^ 

pfijfffTai <{Xctia aw 

Kot ^t»Y[arepa^ 

15 7t«Ti[a(i]r (sat OI'K i 

awTat cr[oi asr^Xetwoe^ 

Tfat 

Line 8. First on deleted by dots over each letter, same ink. 
Line 9* tj first hand; corrected o second hand- 

C Tfcio 

Dent- 28, 65*66 

*^aXXal sat i.[v ratf tB 
€Ktivoii o[ai( 
a^^sj^auoei a* ol^ o(f 
7 aflTTai araatf Tea 

rw xodos ow 

jc}aL Sdjoci aot cfc<4 
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oBvfiCvffoy 

, . VXiiTOP'Tas (j^sX 
Jcat ripcOiiii^lp 

lo ^ 

ir]oii Kpt^a^fvr; ^ 
a]TcraPT 4 . r 0 v o^oX 
Gvv (Cfli *poffv ^ 

^jijpTj ifttt vu 

I ^ k]^ [elat «J Ti(rT(fu 

«]it t[i) filial avti [ 

Line 8. c written above is from the second hand. 
Kai or probably stood in the lacuna below it, 

C V^TSO 

Deut, 29^ 1-2 

Si;]Tob] 01 Xo^^loi T!5S 
dijKTti ^>lrt [ewTiiXa 
T & j5 tw 

ffttt Toiff VW 4 T «r[X el' 

^ 77 jinjjaj^^ tXijp [tt?« 

CL? 

dtTQ at™s 
*j(at esttXe ^v<nt[t 
irarrcis wtom i 5 IX kcil 
10 UTCi TTfHK atrrovfs U 

fop&jcarle 

ra CJa earoi^ce^i^ ics 
iv 717 aLyiFflTu e[^ 

TTio^ ^a[pim 

jcjat Tair ^[spfl|irolyffLF 

Line 6- added above tut by the second hand. 

D v/rse 

Dcut. 30, to-ii 

..... ■1??®’' 

ef pXijt] TTji jEapStflr aou 


Either 
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efl njr 

cov] ^'oTl IJ ei^TOXl) > 

^ Tij] liv e^u 

^ai] ffiot ou 

X iif]r<pa7(ifiJT 

30.16 

8[v ffOtr ar € 7 ^ e^(X] 

X(ojii]aE ™ cF^^xfpoj^ 

a7(a]weu' liJ rcw 

aw TOp^iiVfadat £1^ 

j r{di7]int? TfliJ 

atPTGE^ ^rei v^Xay 

D rtcto 

30, 19-20 [5(1 

&kNc[a] rpo ir^«fffa]Tw 
Ufiuv T4P eyX(o7]iflP 
iCELt TT^v Karapaif tfftt 

^ jfft fijsr ay A;aL tq 

;ijci oov ®^a 7 tLii'ai^ 

31, 3-4 

ffW i:a[t l£flTCLKXs?p04^a 
ayrw^ K[at 

irpo TpoauTow [at?u Ka 

^ § 0 . tXaXija* is ^ic[m rcH 

« tturets JfflliUa e 

XOtTjat OT^Wl^ iiTjf 

Line 2. eti changed to « by second hand, niaoitf 

probably abbreviated. 

E x?frso 
Deut, 31^ 21 

liapry]pot4Ta av y^tp (n 
Xi^a^JacTcii awo ora 
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>jcanw] rou 

ttUTui^J €yw y&p r^v 
tLVTI^V 0<ril 
irO(]p(N 7 ty ti>£c ffTj>4* 

pov irjpo TTOtr 

3 h ^6 

[wi 

^(ov TOVTOif 
a^To *t -^MytMw tijt 
ic(i^Tav 77 ^ 5m^ 
jchf iu rev §v upm^ 

coral €KH tP ™ Cif 
fi[apTVpiGV 

Line S- From 2 to 5 letters to be omitted. 

£ recto 

3 i> ^ 

k]iu 

ffvPoi^r^ffCTat 
ra jctuftt Tijr i^,^icp]i?s 
OTI WOCft^^Ti TO Tr]o 
5 pTipPV Tapo^JTiFjai 

3 ^. 3-4 

cjcJaXcaa [fiort fit 
yaktii^vmiv [™ 1 ^ 

pn^p : aX^[tftJ^a 

ra tpya kWOU J([at to 
5 Fot fii o5ot aurmj [ir/Jiffcw 

3fO% UrWTTK Ifat [OVX €OTtP 
a^ucca piXEUor v[ac 
If ^^apTOffa[K 

f VffJO 

Deut. J2f IQ-n 

f[v 5t 

^cjt jrai'^iaTOT [tP 
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\ 


WfXwIci' av 
Tojfl' icffli fly 

5 ToJij' icfli 5tfr0?Xa|fei^ av 
T]oy us mmv [a^alX 

>4Cl]u fiiTOf fffit 

32, J5 or 16 

rl- . 

f recto 

32, 22 

Jjfa 

TU KaTfl¥^ft7«lTfi| 

32,27-29 

y^jXif ^ tsrot 

T]m;Ta OTi efij'fo! 
flToXjuXfXlK jSoi'Xf^l' 

iCEW Oi'JC tcrri[v 

5 fly]Tats £rurT:f?p(iT oy 

K fftw[«F<u 

Tflyra JtaTa5t{*IcTfta 
aap «is TGV ts-e[oi'7a 

UNJVERSmf OF MiCHICATf 
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WILLIAM HENRY WELCH 

Doctor William H. Welch died in Baltimore on April 
to, 1934, at the age of eighty-four years, and after a remark¬ 
able career in medicine extending over sixty years, of which 
fifty were spent at the Johns Hopkins University where, m 
succession, he was professor of pathology from * 8^4 « 
director of the School of Hygiene and Public Health from 
IQ17 to 1926, and professor of the history of medicine from 
1926 to 1931. Upon his final retirement from active pro¬ 
fessional duties he became professor ementus in the Iristitute 
of the History of Medicine which is associated with the 

splendid library that bears his name, 

Doctor Welch was descended from a family of doctors 
his grandfather, father, and his father‘s four brothers all 
having been physicians. His father stands out notably 
among the others, not only as a leading and successful 
practitioner, but as a socially minded member of the com¬ 
munity of Norfolk, Connecticut, which held him in the 
highest esteem. He served his state in its legislature, and 
his country in Congress, and after his death a memorial 
fountain was erected in his honor beside the house in which 
he lived and in which his even more gifted son was 
born. This house now carries a bronze tablet 
on the occasion of the eightieth birthday of \ViUiam H. 
Welch, as part of the international celebration of the_ evmtt 
held in Washington, in which the President of the United 
States participated. The last mentioned occasmn unique 
in the history of a scientist, for not only were the addresses of 
the President and of Doctor Welch carried by radio through¬ 
out the world, but in many other cities in the United States 
in England, France, and Germany, as well as in Peipmg and 
Tokyo, coincident celebrations were held. 
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Doctor Welch was graduated from Yale College in 1870, 
and from the College of Physicians and Surgeons (now 
Columbia University), New York, in 1874, Eighteen months 
were spent as interne at Bellevue Hospital, partly before 
graduation In medicine. The two years from 1876 to 1878 
were passed In Germany, working under such masters as 
Waldeycr in anatomy, Hoppe-Seyler in physiological chemis¬ 
try, Ludwig in physiology, and von Recklinghausen and 
Cohnheim in pathology. The original purpose was to follow 
the clinics in internal medicine, tvith neurology as a special 
field of study. As laboratory training in the fundamental 
medical sciences was in this country all but absent from the 
medical curriculum of the period, Doctor Welch followed a 
natural bent in seeking this foundation in Germany. A 
strong impulse to this course came also from the experiences 
at Bellevue Hospital under Doctor Francis Delaheld, whose 
devotion to human pathology was as unusual as his knowl¬ 
edge was profound. Ai the two years gradually came to a 
close, Doctor Welch’s interests became more certainly 
centered on pathologj'- as a career, although the outlook was 
sufficiently discouraging. The six years following the return 
from Gerinany were spent partly in private practice, which 
provided the necessary economic support, and partly as 
professor of pathology at the University and Bellevue Hospi¬ 
tal Medical College, where the first real courses in that 
subject ever offered in America were given. 

Doctor Welch’s European reputation, as well as his 
success as a teacher and investigator in New York, brought 
his definitive opportunity when in 1884 he teas called to the 
Johns Hopkins University as professor of pathology and as 
advisor to the president and trustees in the selection of a staff 
for the Johns Hopkins Hospital (then under construction) 
and the faculty of the associated medical school supposedly 
soon to be established. The immediate need felt by Doctor 
W’elch was for the new bacteriology which^ under the influence 
of the amazing discoveries appearing in rapid succession from 
the laboratory of Robert Kochi, promised to transform the 
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science and art of medicine. Hence ihe next ).ear was spent 
in Berlin in work with Koch and his pupils, so that on his 
return to Baltimore in i 83 s, Doctor Welch was in position to 
offer a combined course in pathology, which embraced morbid 
anatomy, bacteriology, and pathological physiolog}', or 
experimental medicine. No such comprehensive course of 
instruction and research bad previously been undertaken even 
in Germany, and the remarkable success with which it was 
conducted by Doctor Welch was a tribute to his extraordmar>' 
learning and versatility, and his great gifts as a icachei:. 

Doctor Welch’s career as teacher, investigator, and edu¬ 
cator may be divided into three periods, of which the longest 
is that devoted to the pursuit of pathology, extending actually 
from the Bellevue interneship in 1875 to the retirement from 
the chair of pathologv^ in Baltimore in 1916—approximately 
forty years. The Baltimore professorship itself covered 
thirty years, and this in turn can be divided into two parts: 
that from 1885 to igoo, in which Doctor Welch devoted his 
energies chiefly to the laboratorj'i and another from 1900 to 
1916, during which heaver and unremitting demands were 
made on his time by other institutions seeking his aid in the 
struggle upwards toward improved curricula and. provision 
for research, which the successful example of the Johns 
Hopkins Medical School had made imperative, 

Welch yielded graciously to these demands and accepted the 
sacrifice of his own dominant passion in the interests of the 
ecnetal and, as he believed, greater educational good. Un¬ 
doubtedly, a major effect of his wider influence was the 
creation of careers for scieniifically trained men, which m the 
next quarter of a ceniun,' was to bring American medical 
education and research abreast of the highest European 
models. 

A measure of Doctor Welch’s activity as investigator m 
pathology may be found in a partial list of articles ase^ on 
Studies made in Europe and America during hia more stncl y 
laboratory' years. They include such subjects as pulmonary 
oedema, hemorrhagic infarction, thrombosis and embolism. 
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glomerulo-ncphritis, adaptation in pathological processes, hog 
cholera and swine plague, acute tobar pneumonia, diphtheria, 
wound infection, tj’phoid bacilli carriers, and Bacillus atra- 
gtnes cafsulaius^ nos. spec* 

The next fifteen years were given over in considerable 
pan to the wider public service already alluded to. Doctor 
Welch became the apostle, as it were, of the newer medicine 
in its application to teaching and research; and his trustee 
ship on such boards as that of the Carnegie Institution of 
Washington, the international Health Board, and similar 
institutions, enabled him to extend bis wisely constructive 
influence Into the flcld of general science and public health. 
The extent and variety of these activities may be indicated 
by selected titles from his many public addresses, among which 
are 1 Advantages of the union of medical school and university; 
advancement of medical education; higher medical education 
and its need of endowment; the material needs of medical 
education; the benefits of the endowment of medical research; 
the position of natural science in education, medicine and the 
university; the medical curriculum; the relation of the 
hospital to medical education and research; the present 
position of medical education, its development and great needs 
for the future. 

The second main period of Doctor Welch’s career was 
devoted to the creation of the School of Hygiene and Public 
Health in Baltimore. For this there was no adequate model; 
he conceived the school as something commensurate with the 
important position which the public health held in the esteem 
of informed and forward-looking men. As he had long 
pondered the matter and it had been the subject of some of 
his impressive addresses, he set himself the task of outlining 
an institution in which instruction and research should be 
equally represented. Fortunately, this model was realized 
in practice; it became the standard toward which European 
countries strove when opportunity presented, as was pres¬ 
ently the case, for the establishment of similar schools of 
their own. 
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A few titles will suffice to indicate the part which Doctor 
Welch played in arousing and guiding opinion in this country- 
regarding the public health: Modes of infection; considerations 
concerning some external sources of infection in their bearing 
on preventive medicine; sanitation in relation to the pt^rj 
relation of laboratories to public health; duties of a hospital 
to public health; child welfare; the significance of the great 
frequency of tuberculous infection in early life in the preven¬ 
tion of disease, and what may be expected from more effective 
application of preventive measures against tuberculosis* 
Another activity which brough large rewards was the part 
that Doctor Welch played in presiding at and attending 
congresses on hygiene at home and abroad and m lending 
the weight of his name and great prestige to the public health 

We now come to the concluding period of Doctor W elch s 
rich and varied life. He retired from the directorship of the 
School of Hygiene and Public Health in 1926, at the age of 
seventy-six. But this gesture, like that of his retirement 
from the chair of pathology ten years earlier, was one of form 
onlv; it did not mean release from academic responsibilities, 
but rather the assumption of new duties. The new under¬ 
taking was one which appealed strongly to Doctor W elch s 
intellectual predilection and fell in with convictions which 
he had long held, namely that “the study of the history of 
medicine, notwithstanding its interest and value, is a study 
much neglected.” The opportunity arose to put into effect 
this belief, and none other than Doctor Welch was available 
to assume the task* As a memorial to Doctor Welchs 
extraordinary services as a pioneer and innovator in medical 
education and research, a magnificent medical library was 
about to be erected and endowed, and the Institute of the 
History of Medicine, which he had hoped might some day 
come into existence, was now to be incorporated into the 
library' bearing his name^its proper and most favorable 

A digression is justified at this point. Doctor Welch s 
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compelling impulses toward scientific medidne revealed 
themselves early in hts career. He had no more than gradu¬ 
ated from Yale and entered the medical college than he left 
the latter, to return to .\'ew Haven for a year of advanced 
study in chemistr3^ This strong love for the fundamentals 
of knowledge was no passing fancy? it dUplayed itself again in 
Germany, when Doctor Welch sacrificed the clinic for the 
laboratory, through which he acquired the wide training and 
knowledge that were to enable him to lecture with a rare 
fascination and with equal facility on histology, pathology, 
bacteriology, and physiology', and to conduct and Inspire 
research in all these branches. The encyclopedic breadth of 
his mind carried him also into literature, history, and the arts? 
and those who were so fortunate as to become his companions 
and friends found his geniality of person, charm of manner, and 
con versatlon alglftsirresistible, Thu s th e history of medicine, 
which in reality for him was the history of science and civiliza¬ 
tion, w'as an absorbing avocation from his early manhood. 
To have had the opportunity at the close of an eventful life 
of generous length to add to his achievements the founding of 
the Institute of the History' of iledicine was one of those 
fitting rewards that come oftener in romance than in reality. 

But was not Doctor Welch’s life one long intellectual and 
Spiritual romance? To find a counterpart, rve arc driven back 
to the Renaissance era, and the comparison of Doctor W^elch’s 
versatile gifts with those of Leonardo da Vinci is not merely 
a fanciful idea. Had Leonardo been born into the nineteenth 
century', he might well have been a scientist? and had Doctor 
Welch been born into the fifteenth, he would by the same 
tokens have chosen the arts and literature in which to nourish 
his omnivorous mind. 

We may conclude this brief sketch of Doctor Welch’s 
precr with selected titles of addresses which illustrate his 
interest in scientific, historical subjects? The evolution of 
modern scientific laboratories? the influence of anesthesia upon 
medical science; some of the conditions which have influenced 
the development of American medicine, especially during the 
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past centur)^; the interdependence of tnediclne and other 
sciences of nature; Rudolph Virchow, pathologist; works and 
portraits to illustrate epochs in the history of medicine; the 
times of Vesalius; contributions of Vesalius other than 
anatomical; two physician-economists. Sir William 1 ctty, 
1623-1687, and Francois Quesney, 1694^1774; the deve op- 
ment of English medicine as represented in a collection of 
medical portraits; the influence of English 
American medicine in its formative period; William Wood 
Gerhard, and the differentia lion of typhus and typhoid fevers; 
the fiftieth anniversary of the discovery of the tubercle 
bacillus; and the history of pathology. 

SlMO?{ FLEXNEn 

JAMES CORNELIUS WILSON 

The subject of this memoir was the eldest son of Dr 
Ellwood Wilson, and his wife Hannah Paul (Shallcr^s) 
Wilson, He was born in Philadelphia, March 25, iS 47 - His 
early education was acquired at the Fnends' Central School 
and a small private school conducted by the Reverend Dr. 
Malln. Later he went to Phillips Exeter Academy, and, 
thence, to Princeton College, where he graduated A^B- m 
1867. He then began the study of medicine at 
Medical College from which he received his M-D- m 
and in the followi/ig year (1870) got his M A from 
After serving as resident physician in the W ill b Eye Hospital 
and the Pennsylvania Hospital, he went abroad for further 
Study in Dresdesi and Vienna* Upon his return to 
delphia, in 1873, he entered private practice and from the 
outset engaged in teaching at hl& medical alma mater an in 
hospital work. He was chief clinical assistant at Jefferson 
to Dr, Jacob M. Da Costa, and in 1891 was elected professor 
of medicine and clinical medicine in Jefferson Medical College, 
which position he held until 1911, when he retired with the 
title of professor emeritus. In 1889 he was elected p ysician 
to the German (now the Lankenau) Hospital, becoming 
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physician-in-chief in 1897, anU retiring as emeritus chief of 
the medical department in 19-4- >^95 elected 

physician to the Pennsylvania Hospital from which position 
he resigned in 1911. 

In addition to these positions Dr Wilson was consulting 
physician to many other hospitals and medical institutions. 
He was a frequent contributor to current medical literature 
and the author of a number of authoritative medical books, 
among which should be mentioned, “Summer and Its Dis¬ 
eases” (1879), “A 7 'rcalisc on Continued Fevers” (1881), 
“Manual of Fever Nursing” (1887),“ A Handbook of Medical 
Diagnosis” {1909). The last two w'ent through a number 
of editions. In 1896 he edited a composite work, the “Ameri¬ 
can Text-Book of Applied Therapeutics.” The esteem in 
which Dr Wilson was held by his professional colleagues is 
witnessed by the following list of societies of which he was 
elected president at one time or another: 

The Philadelphia Pathological Society (1885-1886) 

The Philadelphia County Medical Society (1895-1896) 
American Academy of Medicine (tSqy) 

Association of American Physicians (1902) 

American Climatological Association (1904) 

American Therapeutic Society (1909) 

College of Physicians of Philadelphia (1913-1916) 

The Medical Library* Association (1913) 

He was elected a member of the American Philosophical 
Society in 1885. 

The above details sen-e to illustrate the professional 
standing of Dr. Wilson. His wide experience, keen powers 
of observation and accuracy of judgment made his services 
as a consultant invaluable. Aside from his professional 
attainments he was a man of much culture, a great reader 
and deep thinker. His kindly disposition rendered him 
greatly beloved. To younger physicians he was always 
friendly and helpful. 

For some years before his death Dr. Wilson’s health had 
been greatly impaired and he had retired from all professional 
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labors. He died on October 28, 1934, in his eighty-eighth 

year* 

Frascis R. Packard 

THEOBALD SMITH 

In' the death of Dr. Theobald Smith on December io, 
1934 the American Philosophical Society has lost one of its 
most distinguished members. Dr. Smith was born at 
Albany, New York, on July 31. > 859 * He was gradijated 
from Cornell University in 1881 where his associations with 
Professors Gage and Wilder gave him a life-long ^ 

general biological problems. He received the degree of M.D. 
from the Albany Medical School in 1883, and from 1884 to 
189s he was Assistant, and then Chief of the Division of 
Animal Pathology, Bureau of Animat Industry, Washington, 
D. C. From 1886 to 1895 he was Lecturer and then Pro¬ 
fessor of Bacteriology in Columbia, now George W'^ashington 
University, and from* 1895 to 1914 was Professor of Compara¬ 
tive Pathology in Harvard University. In 1911-12 he was 
Exchange Professor from Harvard University to the Univer¬ 
sity of Berlin. He was also Director of the Antitosine and 
vaccine Laboratory and Pathologist of the State Board of 
Health of Massachusetts from 1895 to 1914. 

He was a member of the Board of Trustees of the Carnegie 
Institution of Washington and a Scientific Director of the 
Rockefeller Institute for Medical Research from its beginning 
in 1901, acting as Vice-President of the Board from 19H >0 
1933 and succeeding the late Dr. William H. Welch as Presi¬ 
dent in October 1933. In 191 5 organized the Department 
of Animal Pathology of the Rockefeller Institute at Princeton, 
New Jersey and served as its Director until his retirement in 

1929- 

Dr. Smith’s researches on parasitism and disease ivere very 
extensive and of the most far-reaching importance; only a f^ 
of these can be mentioned here. With Dr. Salmon he 
demonstrated for the first time that killed cultures of bactena 
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may produce immuitity; this is the principle now used in 
protective vaccination against typhoid, paratyphoid and 
cholera. While in the Bureau of Animal Industry in Wash¬ 
ington he demonstrated between 1888 and 1893 that ticks 
were the means of transmission of 'IV^as cattle fever. This 
was the first proof ever given that Insects may transmit 
disease germs and it opened the way to the discovery by 
others of the method of transmission of malaria, yellow 
fever, African sleeping sickness, etc. In 1896^’98 he proved 
that the bovine type of tubercle bacillus differed from, the 
human type and this has played "an important part in the 
present campaign against tuberculosis. He first observ^ed in 
1904 cases of scrum sickness and death in guinea pigs that had 
received a second injection of horse serum, and this hyper¬ 
sensitivity, which Is akin to certain forms of asthma, hay 
fever, etc, in man, was at first known as the “Theobald 
Smith phenomenon.'* He demonstrated in guinea pigs the 
immunizing action of balanced or neutral mixtures of diptheria 
toxine-antitoxine, and this method is now in general use as a 
preventive of human diphtheria. In addition to these and 
other discoveries bearing directly upon the causes and control 
of human diseases, Dr. Smith made many other studies on 
diseases peculiar to domestic animals, which for lack of time 
cannot be enumerated here. Fortunately he had published 
only a few months before his death his Vanuxem Lectures 
for 1933 on Parasitism and Disease,’* in which volume he 
summarized much of this work, and in rvhich he emphasized 
especially the biological interrelationships of parasite and 
host. Indeed it may be said that it was his broad biological 
outlook and especially his confidence in the principle of 
organic adaptation between parasite and host that guided 
him in all hU studies. 

His really epDch-maklng discoveries brought him world¬ 
wide recognition and honors. He w'as a member of more 
than a score of the leading scientific societies of America and 
Europe, including the National Academy of Sciences of the 
United States, the Royal Society of London, the Royal 
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Academy of Denmark, the Academy of Sciences of Paris, etc. 
He had been awarded by universities and scientiRc societies 
in this country and abroad eleven medals and twelve honor¬ 
ary degrees. 

Epwin G. Cokklis 


MICHAEL IDVORSKY PUPIN 

The well-known scientist, inventor, and philosopher, 
Michael Idvorsky Pupin, was born, on October 4, 1858, in a 
little Serbian village, nea^ Belgrade, called Idvor, with which 
his middle name was linked- His parents were illiterate 
peasant farmers, who were hard working, frugal, and re¬ 
spected. Michael learned to read and write at the village 
school of Idvor. He inherited a strong physique and a 
propensity for persevering labor. He e\'inccd mental ability 
and marked ambitions. 

His parents sent him to seek better schooling; fir^t, to 
the little town of Panchevo, and, later, to the city of Prague. 
Here he witnessed the oppression of the Bohemian Slavs, 
which made him aspire for greater freedom in North America. 
With difficulty, he procured passage money for a steerage 
berth in a steamer from Trieste to New York. He landed in 
New York at fifteen years of age, an impeciimous immigrant, 
with very little knowledge of English. Soon he became a 
farm hand on a Delaware plantation. A member of the 
farmer’s family helped him to study the American language 

and history. . 11. 

After a year’s experience in farming, Pupin went back to 

New York. City in search of better opportunities for self- 
improvement. He arrived there in the summer of t874 to 
find the city in the throes of depression with thousands of men 
on the streets seeking employment. Young Pupin joined m 
the search. With courage and cheerfulness, he managed to 
sustain a precarious livelihood on odd jobs, garnered at 
random, but the winterof 1874-5 was to him a bitter one. 

Pupin finally succeeded in securing steady employment in 
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a Xew York factory. He made friends of two fellow workers, 
who persuaded him to study for college. With ihcir aid, he 
studied Greek and Latin in his spare time« He also attended 
evening classes at the Cooper Union Institute. By the time 
he was si years old, he passed the entrance examinations of 
Columbia College with honors. This shows what sometimes 
can be accomplished in self-education by great effort and 
determination. 

.-\t Columbia, Pupin took honors In Greek, Physics, and 
Mathematics. In his first year, he w'as undecided on the 
choice of a career, but studies in physics, under the direction 
of Professor Ogden Rood, a fascinating lecturer, determined 
his selection of a scientific vocation. It is by no means rare 
to find a successful life path that has been opened to a college 
student under a teacher’s torch. 

On receiving his A.fi. diploma, Pupin w^as offered a 
scholarship for three years graduate study at Columbia, but 
he decided to pursue graduate studies in physics abroad. He 
went to Cambridge, England, in June 1S83, and arranged to 
enter one of the colleges there on the opening of the fall term. 
He then went to revisit his family at Idvor, which he had not 
seen since 187a. 

At Cambridge, Pupin studied mathematical physics for 
two years. Professor Routh, the well-known writer on 
dynamics, was his tutor. In all his subsequent work, Pupin 
showed the benefit derived from a thorough grounding in 
dynamical methods. 

Desirous of perfecting himself in physical laboratory 
procedure, Pupin went to Berlin, in J885, as the first John 
Tyndall Fellow from Columbia University to study under 
von Helmholtz and Kirchhoff. He took his Ph.D, degree at 
the University of Berlin, in 1889. 

Returning to .\mcrica, in the same year, Pupin joined the 
teaching staff of his alma mater, Columbia University, in tlie 
departments of mathematical physics and electrical engineer¬ 
ing, He was connected with the Columbia faculty for the 
remainder of his life. He had a forceful and dominating 
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personality which held the close attention of his students. He 
liked to Illustrate a metheinatical argument with a simple 
physical demonstration. He discovered the now well-known 
phenomenon of secondary X-radiation, and was probably the 
first man, in this countr>', to demonstrate Rontgen s discovery^ 

of X-rays, when first announced. 

Pupin engaged in mathematical investigations on the 
vibration of elastic strings loaded at successive intervals 
with uniform lumps of matter, aud obtained the solution of 

this problem in 1895- H “ 

co-rclated electrical probfem—the propagation of alternating 
electric currents over a uniform conductor, containing lumps 
of inductance. I.e. Inductance coils inserted m the conductor 
at regular inteiv^als. The solution showed that a telephone 
circuit might be greatly Improved by inserting inductance 
colls at specified distances. Heaviside, in England, had 
previously predicted that Improvement of this kind could be 
obtained by the insertion of inductance, but he had left the 
sizes and distances of such coils open to expenmental tnal, 
without the specification of limits by calculation. Thu upin 
rule was found to give successful results, and was adopted by 
the telephone Industry, both in this countr)' and abroad. 
The success of “pupinised telephone lines” brought to Pupin 
considerable scientific and financial recognition. He received 
honorary degrees from Columbia, Johns Hopkins, 
and fifteen other Universities. He also was awarded t e 
Hebert Prize from the French Academy and medals from the 
Radio and Franklin Institutes, in addition to other honors, 
Pupin was famous not only as a scientist and inventor, 
but also as a writer. His autobiography, published in 1933, 
“From Immigrant to Inventor,” enjoyed a wide circulation. 
It narrates In simple, but appealing style, the story t^ c 
author’s early struggles against adverse fate. Through the 
narrative runs a strong current of faith and philosophy. 
Four years later, he published a second very popular book, 
“The New Reformation.” which is virtually an exposition of 
his philosophy as a scientist. 
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Pupin served as a fepresetitativc of Serbia ai the Pans 
Peace Conference of >9[9- He was instrumental m securing 
extended boundaries and privileges for the then new country 
of Yugoslavia, 

In 1888, he married Sarah Rath rint Jackson of New York, 
in London, who predeceased him. 

In the later years of his life, Pupin enjoyed some relaxation 
by aiding in various philanthropic projects. In particular, 
he sought to help his native country. He established a cona^' 
munity house at Idvor, He also gave a foundation for the 
Royal Serbian Academy, at Belgrade, in honor of his mother, 
Olymplada, to whose rnemorj- he was devotedly attached. 
Moreover, he shovred his veneration for the influence of 
monasteries, in Serbia, by assigning a fund for the restoration 
of some that had suffered decay. His faith has been revealed 
by his books, which express the hope of a future blending of 
sclentibc and spiritual truth. 

During the last ten years of his life, Professor Pupin 
suffered from a slowly spreading paralysis of the lower limbs, 
which much interfered with his movements and locomotion; 
but it never affected the activity or serenity of hia mind. 

His life was an intrepid dauntless venture in overcoming 
obstacles. He personified a steady ascent from physical to 
intellectual, and finally to spiritual strength. He died, full 
of honors, on March iz, 1935, in the 77th year of his life. 

Columbia University, since his death, has named its 
recently erected physics building the “Pupin Physics Lab¬ 
oratory,” as a memorial to his life work in that department, 

Arthur E. Kenkelly 
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There are two methods by which one may study the 
process of species formation with some directness. One is the 
method of experimental taxonomy, which attempts to observe 
directly the response or lack of response of living organisms 
to varying conditions of the environment, and to follow the 
vicissitudes of variants, whether genetically or experimentally 
produced, as they appear in the field,—to witness, in short, 
and to explain so far as possible, the actual process of modifi¬ 
cation as it is going on at the present time. The other is the 
phylogenetic method, w-hich attempts, to trace the paths by 
which present races have sprung in the past from a common 
ancestry, and to estimate, on the basis of the information 
thus gained, the degree of relationship existing between given 
forms. For various reasons, Ofnatkera seems to furnish un¬ 
usually favorable material for the application of both of these 
methods to the solution of the problem of the origin of species. 

Ideally, either of these tw'o methods calls for the study of 
material which is actively evolving at the present time, or 
which has been in such a state in the recent past. One 
reason why OmQiktTn is such favorable material for evolu¬ 
tionary studies is that it gives evidence of being at the present 
lime in the throes of active evolutionary development. It is 
a large genus, and includes a welter of forms w'hich often do 
not possess the clearly demarcated characters of old and well 

» Purina tic MUFK of this tOWStigilMm, iisislittcc been frtm ihe 
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established species, but scctii In iTxany cases to merge morc^or ^ 
less gradually into one another. Furthermore, CKtenslve ’ 
cyto-genetic studies have slio’wn that genetical inodifications 
such as gene mutations and chromosonte alterations occur 
with considerable, even with exceptional, fretjuencyj and in 
addition, it seems cleat that hybridization is of widespread 
occurrence in the genus. Consequently, It would seem that 
OtnotktT^ affords a good opportunity for the study of species 
in the making—for tracing lines of phylogenetic ascent, and 
for determining the relative inn porta nee of various factors, 
environmental and genetical, in species formation. 

In the second place, Oenothefa has certain practical ad¬ 
vantages as materia! for evolutionary' study, quite apart from 
the intrinsic interest of the phenomena which it displays,— 
at least this is true of the sub-genus Onagra, which is the only 
section of the genus which has been studied genetically and 
cytologkally. For one thing, the various races cross easily 
with one another, yielding fertile hybrids. Furthermore, 
much intensive genetical and cytologtcai work has already 
been done on Oaagrii, which has yielded valuable material 
bearing upon evolutionary problems. One feature in particu¬ 
lar, however, bids fair to exceed all others in phylogenetic 
signiffcance, namely, the presence of a type of correlation 
between chromosome behavior and genetical affinity which 
seems to constitute an important and unique tool for the 
study of Species affinities in the group. 

This correlation came to light as a by-product of the 
genetical work of Renner and his followers, and the inde¬ 
pendent cytological work of the writer. The extensive 
genetical analyses of Renner led him to certain conclusions 
(Hoeppener and Renner 1929) regarding the interrelation¬ 
ships of the various genoms or "complexes” which in Ona~ 
gra are so characteristically passed on from generation to 
generation Intact. The writer, who had previously studied 
the chromosome configurations in many combinations 
of these complexes, at once noticed a curious parallelism 
between the conclusions of Renner and his owm cytological 
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findings. He drew' attention (1931) to the fact that com¬ 
plexes, which, according to Renner, arc relatively similar 
genetically, have relatively similar arrangements of the end 
segments of their chromosomes, and consequently give mostly 
or entirely paired chromosomes, when combined with each 
other; on the other hand, complexes which Renner found to 
be relatively dissimilar genetically have relatively dissimilar 
segmental arrangements, and hence give large circles with 
each other. It was evident that, if this correlation were 
found to apply, not only to the complexes studied by Renner, 
but to complexes of Onagra in general, then the number of 
chromosomes which are paired or unpaired in a given complex- 
combination, and the size of circles, would become a rough 
measure of the genetic affinity betw'cen these complexes; 
and hence the arrangements of chromosomes In diakinesis, 
whether into circles or pairs, would become a valuable tax^ 
□nomic character, to be considered along with phenotypic 
differences In determining affinities betw'een the various races 
of Otiagm, 

There is, as a matter of fact, strong reason for believing 
that such a correlation is really of widespread occurrence. In 
the first place, such an assumption is a priori most reasonable. 
If segmental interchanges which result in viable strains are 
rare in occurrence (and the stability of chromosome configura¬ 
tions in many strains, as shown by repeated e.xamination of 
their chroraosonies, is evidence that even in Onagra such 
interchanges are rare), then it is reasonable to suppose that 
there will have been time between successive successful 
interchanges for genic modifications to have occurred, so 
that divergent complexes or genoms which have arisen from 
a common source will show a degree of divergence,- not only 
genetical but also cytological, which will be roughly propor¬ 
tional to the length of time since they began to diverge.* 

^ ThU AEEamjD^ duii tKp in die nanune of 
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iiltcntiidDt in pCMkiOQ genci, ki ti noit bcin^ J {Mulbfp Frokofyevk md 

Rdffclp i9J5)p it vFQuld then be b>jfica1 to that tht vei\'' phcnorarcnon of inter- 

cbADge iwif wovild ncault in genetic AlcerAtton&p im which caw the carrelaLTaon between 
relit hr? ^iEoibrity of &egm£EiiAl arrangement ind genetic £iinilamy should be very doic 
indeed^ 
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The longer that genoms from a common source ’ 

th< «Eme..al imarchangaa sv 11 have ^ 

more unlike will iheir segmental arrangements therefor 
have become; at the same time, the more gene ^ 

probably have occurred, and the more unlike wil ^ ' 
plexes have become from the standpoint of genetical make-up, 
Tims, we would expect that the chromosome configuration 

produced by i complexes, when these are broug t into 
Luld give us in most cases a rough idea as to the gene^ 
similarity between these complexes, and hence as 

^^^It^should be pointed out, however, that the presence of 
paired chromosomes or of small circles is undou te y a 
accurate measure of degree of relationship, and therefore of 
greater phylogenetic significance, than is the presence of larg 
circles. When we find a large number of pairs, or smah 
circles, the chances are strong that the complexes involved 
differ by the minimum number of interchanges necessary to 
produce this configuration; but when we find a circle ot 14 
fin OenGthefd, sn = 14). we cannot be sure how distant is the 
relationship between the complexes involved, for, while a 
circle of 14 can be produced by as few as 6 interchanges, it 
must be remembered that even the most distantly related 
complexes cannot show a more extreme cytological diver¬ 
gence than that represented by a circle of 14. It is very un¬ 
likely, therefore, that a given complex-combination, with a 
circle of 14, picked at random from the w'ild, wiU be composed 
of complexes differing by only the minimum number of inter¬ 
changes necessary to produce this configuration, whereas it is 
extremely likely that such a complex-combination, with 7 
pairs, or a circle of 4, for instance, will be composed of com¬ 
plexes which differ by the minimum number of interchanps. 

This conclusion is borne out by another consideration, 
which also constitutes a second reason for suggesting that a 
correlation between chromosome configuration and genetical 
make-up must be of widespread occurrence in nature* Seg¬ 
mental interchanges, occurring at random, are much more 
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likely to result in complexes with divergent segmental ar¬ 
rangements, than in those with similar arrangements. Thus, 
if we shuffle the 14 ends of 7 chromosomes, and combine them 
with the shuffled ends of another set of 7 chromosomes, 
like ends being united, there will be but one chance in 54,016 
that the 3 sets of 7 chromosomes will have identical arrange^ 
ments of ends, thus producing 7 pairs; and there will be 
only 2t chances in 54,016 that these sets will produce a circle 
of 4. and 5 pairs. On the other hand, there will be 13,44^ 
chances in 54,016 that they will produce a circle of 12, and 
33,040 (or almost i chance in 3) that they will form a circle of 
14 (see Cleland and Blakeslee, 193 table 1, p. 182). It is 
probable, therefore, that the successive occurrence of inter¬ 
changes in the wild will in general conduce to the production of 
complexes, which, when crossed with one another, will pro¬ 
duce large circles, rather than paired chromosomes. 

Since, therefore, the chances of the appearance of large 
circles are so great, it is clear that their presence in any given 
instance is of relatively little significance from the standpoint 
of phytogeny; all one can say is that the complexes involved 
are not closely related—but how distantly related they may 
be one cannot say. On the other hand, since the probability 
of the chance occurrence of similar segmental arrangements in 
unrelated complexes is so small, the most reasonable assump¬ 
tion, in any case where a large number of paired chromosomes 
is present, is that the complexes cooperating to produce them 
owe their similarity In segmental arrangement to the fact 
that they have never diverged very far from a common an¬ 
cestral condition, that they are therefore closely related, and 
have probably had a relatively recent common origin. This 
argument is admittedly based upon the supposition that a 
given end can exchange, with more or less equal facility, 
with any other end, an unproved hypothesis. It should be 
possible, however, to determine whether this hypothesis is 
well founded or not by an extensive analysis of segmental 
arrangements as they exist in nature, a piece of investigation 
which is already welt under way. At present, we may as- 
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sume as a working hypothesis, therefore, (a) that the presence 
of large numbers of paired chromosomes in a given complex- 
combination is, in general, evidence of close relationship 
between the complexes involved; and (A) that this correlation 
between chromosome configuration and genetical relationship 
furnishes us with a unique and valuable tool for use in arriving 
at an approximate understanding of the relationships between 
complexes, and hence between species. 

With a view to testing the possibilities of this tool, the 
work to be reported in this paper was begun some 4 years ago, 
utilizing as material a group of Onagras from California. It 
was thought that the use of segmental arrangement as a 
phylogenetic tool would probably result in the relatively 
easy acquisition of a general understanding of species rela¬ 
tionships in Onagra; with this as a background, it would then 
be possible to study critically the roles which various factors 
have played in species-formation. For instance, 2 genoms 
with identical segmental arrangement, and in contiguous 
areas, might be found to differ markedly in genetic composi¬ 
tion. If this situation were found to be prevalent, it would be 
an indication that gene mutations have been of importance 
in the formation of distinct races, .Again, a certain genom 
might be found to be associated in one case with one genom, 
forming a given species, and in another case with another 
genom, forming an entirely different species ('such cases are 
known), or distinct, but geographically overlapping races 
might be found to have contributed each a genom to a 
permanent and successful hybrid, forming a typical complex- 
helcrozygotc. The relative frequency of such cases would 
indicate the relative importance of natural hybridization in 
species formation. Thus, a knowledge of the segmental 
arrangements of the various species and their hybrids, to¬ 
gether with their geographical ranges, should prove an 
invaluable background and tool for (he proper understanding, 
not only of the actual lines of ev olution taken by Onagrs, but 
also of the relative importance of mutation, segmental inter¬ 
change and hybridization in the origin of species. 
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With these possibilities in mind, a study of California 
forms was undertaken. Material was derived froin seed 
obtained through the kindness of the late Dr. H. M. Hall, 
Dr. A, H. Sturtevant, and Dr. D. A. Johansen. This seed 
was collected in various localities, ranging from the vicinity 
of Pasadena to San Francisco, and from the sea beaches to 
the high Sierras, From these sources, 9 more or less distinct 
strains have been established, to which must be added/ran- 
ascdfia and the kookffi of de Vries,* Detailed descriptions of 
these races will be found below. 

These strains have been studied from 4 main points of 
view: (1) To what e^ctent do these races, all of which have 
been know'n tentatively as kookfri, display under uniform 
garden conditions phenotypic differences, and hence give 
evidence of an actual genetic basis for the existence of distinct 
geographical races?"* (z) How do they compare in cyto¬ 
genetic behavior with other species? Do they contain 
Icthals? Are they highly heterozygous, or relatively homo¬ 
zygous? If heterozygous, do they show evidence of the 
linkage of most or all of the heterozygous genes into a single 
super-linkage group, such as characterizes forms from other 
regions? What kinds of chromosome configurations do they 
have? (3) Judging from the chromosome configurations of 
their hybrids, as well as from phenotypic characters, how 
are they related phylogenetically to each other, and to species 
from other regions? (4) W'hat are the segmental arrange¬ 
ments of their genoms? The answers to these questions 
should afford a better background for the evaluation of the 
relative importance of the various evolutionary factors. 

Data with respect to these strains and their hybrids will 
now be presented, after which the data will be discussed, and 
conclusions drawn. 

• Ccrwjti A+duioflAl Atfiiiti have rccentiy been ciatic available to the writer bj- Dr. 

Pa A+ MunE, which hsiw j-ax to be malj-icd. 

^ Owing to m lack of field knowlcd^e^ k k imposalble at the present WTititi^ to com¬ 
pare differences between streini af found in the garden witli diffnrencea bund m the 
ffcM. ft is hoped, however^ thut such i coaapafkpn will be pOMiblc in the oea r future, 
as a resLilt of garden and fietd fitudia now being made by Dr, Munz. 
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Description 

The number of hybrids examined for the first time in 
connection with this study is so large that it will be impossible 
to eharacterize each in detail. While wild races will be 
described in full, therefore, hybrids will be characterized in 
the briefest possible manner. 

.■/. Races Jrom California 

In the present paper, no attempt will be made to define 
the taxonomic position of any of the races described. They 
will Instead be designated by nicknames. This decision 
is made for 2 reasons; (i) The making or unmaking of species 
is Justified only after the fullest and most adequate field 
knowledge of a group, a knowledge which the author does not 
possess; (2) a taxoriomic revision of the sub-genus 
based upon exlensive field work, is now being made by the 
foremost authority on the taxonomy of Oenothera, Dr. P. A. 
Munz, Upon the completion of Dr. .\Tunz’s revision, the 
races herein treated can be assigned to their proper species. 

I. “Dalton” 

Pedigue . — ^This strain is derived from open pollinated seed col¬ 
lected by Dr. A. H. Sturtevant from a sirgle wild plant m Dalton 
Canyon, near Glendora, Cal., in March, 1919. A selfed line has 
been maintained by the writer, with cultures in 1930, J931, 1933 
and 1934, The 1930 family consisted of but 5 plants, owing to the 
seed having been largely crushed in transit. These 5 plants showed 
variation in the size, breadth and fiatness of their leaves, in other 
respects being quite uniform. Only 2 plants bloomed, a narrow- 
leaved type being chosen to carry on the line. Subsequent genera¬ 
tions have been uniform, and have possessed the characteristics of 
the 1930 parent. 

Characteriuition—Seeds smallish, darkish brown. Seed germi¬ 
nation (193 0 100 per cent, (1933, seed 2 years old) 25 per cent 
(J 934 ) 93 per «nt. Habit. Plants 50-60 cm. high at Baltlmorei 
central shoots absent, rosette branches spreading widely when 
heavily branched, or more erect when less branched; often much 
branched. Lespts deep greyish-grccn, narrow (r,|., typical rosette 
leaf 23 x 3 cm.), except in some first generation plants; lower leaves 
somewhat crinkly and wavy at base in some first generation plants 
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in later generations flat; marginal hairs erect (re), marginal glands 
green, margins slightly reddened m young leaves, midribs white, red 
flecks absent, dull red below, green above, reddened at tips, 

with both long and short pubescence; red papillae numerous and 
large. Bracts narrow with flaring tips in young shoot, becoming 
more Dblirjue on older stems, green on under surface, exceeding 
younger buds and pressing tightly against them, reaching base of 

TABLE 1 


CaaPMOsoics CoHricrraATmits amu Festiutt Data, Stmitts riuMi CauroaxiA 


Stxmbi 

Chromoftomc C^^Rfifuratioa 

Gctwi-Ih.- 

Good 

lit Drncmteit 

LaKcr iimimitlDiii 

atiro 

% 

Poiteii 

1 % 

DAhan ..,,,^^ 

? p»tr» (a pli.) 


gj-ioo 



7 pun 



7 pain {8 pt*,) — 

04 (ipU 

7 pairs 

6 s- 7 S 




7 pain 

ji 

— 

— 

ftcntijcATiA, ,,., 

(prabably' 0 4) 

O4 

\ 

O4 



Halt .., + ^. 

7 pain Cj pls .3 

0 4 (1 pi.) 

7 pilrt 

70^2 

t4,i 

Hail 

7 pain (1 pi.) * 

0 4 {j pli.) /\ 

7 pain 

O4 

$6-96 

919 


Hdlt S 4 . . 1 

7 piin + fragtnEDt (r p|.) 

0 4 Cl pli.) w 

2 Oi 4. Cl pli.) / 

© 6 (1 pi.) / 

/7 paira 

to 6 

l<Sl- 7 s 

ES.q 


Hfusu , 

0 4 (I pl.) - 

3 ©s 4 (2 pk.) 

© 4 ^7 pair 4 



haokfri .* + ^ 

Cpiubablp 7 pain) 

7 pairs 






Jithanjfn ....... 

7 pain (8 pit.) 1 

7 pairs 

99 

fis.s 

Mattor^ 

7 pain (3 pUh) -* 

0 4 CipL) 

OS (1 pl.) 

7 pairs 


94-s 



7 pair* + ettra (a pis.) -•■ 

0 4 Ci pl»0 

7 paifsH-«tm 

7S-100 

S2.9 

_____ 1 
































34S 


IL\LPH E. CLEL.4XD 


cone of es^rliest mature buds. Budr up to 8,5 cm. long (ovary i. 
hypanthium 3, cone 4 cm.), moderately slender, rather thicks 
skinned; ovary red papillate, hypanthium green, cone yellow; cone 
densely hairy, with both glandular and spreading pubescence; bases 
of long hairs often greatly enlarged and confluent, espedafly along 
angles of cone, giving a tufted appearance; tips moderately long and 
slender, appressed. FhfQirs up to S cm. across when fresh; petals 
broader than long (r.f., 4 i 3.S cm.), with shallow notch, lacking 
tooth; style long, fruiu large (3-5,5 cm.). 

The elongate, narrow flowering tips, with erect bracts pressing 
inward In the middle and flaring above, are distinctive. 

Chromosome Configuration , — Two plants of the first generation, 
One of the third and 2 of the fourth, have been examined cytologi- 
callyi all of these have shown 7 pairs. 

Pollen counts .-—Through inadvertence, pollen counts have not 
been made of this form. 


2 . “Devil’s Gate” 

Pedigree .—was collected by Dr. A. H. Sturtevant in Feb^ 
ruaiy, 1930, from a single open pollinated plant found at Devil's 
Gate, near Pasadena, Calif, From a part of this seed a selfed line 
has been carried on by the writer, with cultures in 1930, 193 j, 1933 
and 1934. The first family showed a considerable amount of varia¬ 
tion, involving a number of characters, most of which has been lost 
in later generations (Fig, t). 



fie. 1. Oenatktra “Devil** Gate.'* 


CAararfmari'en.—The following description applies to the first 
generation grown from the original seed. small, darkish brown; 
seed germination 65.3-75 per cent. Habit. Central shoot present, 
or more often absent; branching abundant or restricted, but on the 
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whole less striking than in Dalton. Ltaws in some plants light 
green, darker green in others, occasionally greyish, due to pubes¬ 
cence; quite broad, though varying in breadth and length (is x 6 
cm. to 24 X 4.5 cm,), varying also in amount of crinkling and wavy- 
ness; midribs white in some, faintly pink to red in others; one plant 
with erect marginal hairs (rr), the remainder with appressed hairs 
(at least one plant iV). Stints varying in amount of difi'use pig¬ 
ment below (some solid red), presence or absence of pigment at tips, 
presence or absence of red papillae. Brads with or without red 
pigment beneath, and showing variation in the degree to w'hich they 
were appressed to bud and fruit. In some, the latter was a striking 
feature, the bracts remaining erect and closely appressed to fruits 
until these were w-ell grown. In others, the bracts were erect below, 
but flaring widely above, resulting in obconieal tips. Flowering 
tips narrow, not very elongate. Buds ca. 8.; cm. long (ovar>' i, 
bypamhium 3.5, cone 4 cm.}, ovary with or without red papillae, 
hypanthium green, cone yellow with faint traces of diffuse scarlet, 
more slender and tapering than in Dalton; both glandular and 
spreading pubescence present, less dense than in Dalian, the long 
hairs often greatly stvollen at base. Sepal tips long, delicate, ap¬ 
pressed (shorter in one plant). Flowers up to 7.3 cm. across when 
fresh. Petals much broader than long (f.g., 5.5 x 2,; cm.), with 
shallow' notch, lacking a tooth. Style long, stigma lobes delicate. 
Fruits 3 cm. long, slender, shorter and stouter in one plant. Blooms 
early In season. 

The plant of the first generation selected to carry on the strain 
(no. 9) lacked a central shoot; had broad, almost flat rosette leaves 
with traces of red in midribs and bent hairs {Ee, as shown by hy¬ 
brids); broad, rather wavy cauHne leaves and bracts; the latter 
slightly reddened beneath, or green, erect below, flaring widely 
above especially in younger tips; stems brilliant red more or less 
throughout, red at tips; sepal tips long, fruits long. Second and 
third generations continued to show variations m leaf breadrh, foli¬ 
age color and amount of pigmentation in stem and bract, but bred 
essentially true in other characters. The fourth generation showed 
essential uniformity in all characters, having broad, slightly greyish 
leaves, solidly pigmented stems, and essentially green bracts. 
Deeiri Gate is more robust than Dalton, from which it differs also 
in having broader leaves, broader flow'ering lips, and less hairy buds 
W'ith traces of pigmentation in the cones. 

Ckromoiome Configufations. —^Nine plants of the first generation 
were examined, of W'hich 8 showed 7 pairs, and one had G 4 and 5 
pairs. The plant selected as parent for the following general ion had 
7 pairs. One plant of the second generation, one of the third, and 
2 of the fourth generation also showed 7 pairs. 
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PolUn count .—Good 1996, shrunkrn with contents 236* tmpl}" 
307. Total 2539 k 

3. 

Pedigree .—Seed was collected in 193^ 

Hall (cdIL no. 13021), from plants growing at Julian, Calif-t in the 
Cuyamaca Mis. From this source a selfed line has been carried 
on, and cultures have been grown each season, beginning with 1931. 
Wliile uniform in many characteristics, and cinite distinctive in 
appearance* a certain amount of independent segregation has been 
observedj as evidenced from the following description. 

Characuriz^fion {first Generatioit).—Seeds medium in ske, dark 
brown* Seed germination 7 ^^ 9 ^^ cent. Uabit. Plants tall (up 
to 170 cm. in Baltimore)* with or without central shoots; rosette 
branches erect* with many short secondary branches, and long inter- 
nodes; the plants seem not to be densely foliose, because of the long 
internodes and narrovr leaves. Learn light to bright green, more 
or less crinkled in some, varying somewhat in breadth, but on the 
whole rather narrow, slightly toothed; margins reddened, marginal 
glands green, except in older leaves, marginal hairs erect (4 pis.) 
or appressed (11 pis*), red flecks absent; midribs white in some, dis¬ 
tinctly reddened in others. Stemj with verj" long internodes* basal 
portion red in some, scarcely red in others, stem color correlated 
with midrib color; tips strongly reddened in some, scarcely reddened 
in others; long hairs few (in one plant iione)^ fine felty pubescence 
abundant m some* giving whitish appearance, absent in otheus; red 
papillae few or none (in one ease, absence possibly due to lack of 
long hairs, in another case* long hairs present but red papillae ab¬ 
sent). Bracls narrow, erect, their bases appressed to buds, flaring 
at tips, as long as first mature buds* strongly reddened beneath in 
some, scarcely reddened in others* Floral tips narrow* compacts 
flat-topped, elongated* mature flowers far below tip (as much as 
20 cm.)* by reason of long internodes. Buds rather slender, up to 
8 cm. long (ovar>" i* hypaothium 3,5, cone 3.5 cm.); ovary sparsely 
papillate, hypanlhium reddened when cone colored (in one plant, 
hypanthium colored, cone green), cone with rather poorly de%eL 
oped color on the whole* ranging from none at all in 2 plants to 
fairly definite stripes on others; one plant with entirely green buds; 
cone color independent of stem tip color, but correlated with bract 
color; long hairs few to numerous, usually pointing slightly forward; 
close short baira numerous; bases of long hairs canstdcrably enlarged 
in some cases; sepal rips fairly long, rather delicate* appressed or 
slightly parted below* appressed above. Fhwers up to 7 cm. across 
when fresh. Petals broader than long {e.g.^ 35 x 25 mm.), shallow 
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tooth in notch, straw-colored when withered. Style long, stigma 
lobes short. Fruits showing variation in different plants in length 
(2 to 3 cmOt color (bright to grey-green) and presence or absence of 
red stripes. 

In summary;, the 6rst generation of this race showed variation 
in respect to the color of mldribBt stem {both basal and tip), bracts, 
cone and fruits; presence or absence of red papillae; character of 
marginal hairs; hairiness of stem; fruit size and coloration. Except 
in the cases of basal stem and midrib color^ and bract and cone 
colorj noticeable correlations between splitting characters were ab¬ 
sent. Most of the characters showing segregation were quaniita- 
tive characters, and clear-cut segregations were difhciik to obtain. 
In respect to marginal hairs, how^ever^ sharp segregation was seen^ 
there being ll plants with apprised hairs to 4 with erect hairs. 
Evidence from outcrosses indicates that erect hairs is due to a single 
recessive gene. 

The plant which became the parent of subsequent generations 
(no. 6) had a strong central shoots slight evidence of red in midribs, 
erect marginal hairs, moderate development of basal stein color^^ 
brightly reddened stem tips and bracts, few red papillae, distinct 
red stripes on the cone, grey-green and fed-striped fruits. The 
second generation behaved like the first mlh respect to segregation 
of all of these characters, except erect marginal hairs, for which it 
and subsequent generations have bred true* Segregations were not 
analyzed tn the third generation, but in the fourth, variation was 
still observed in certain particulars^ as follows: in the small family 
of lO plants, one plant had almost wholly green and smaller buds 
(slight traces of color), green bracts, but brilliant red midribs and 
a vivid scarlet coloration on the upper half of stems and on ovaries, 
associated with many red papillae* Other plants had purple-tipped 
sterns, mere traces of midrib color., and dull cone and bract colora¬ 
tion. Two plants showed red stripes in the fruits. 

Ckrom<^som^ ConJi^Ufanonj .—Five plants of the first generation 
showed entirely paired chTomosomes, while one plant had O 4 and 
5 pairs. The plant which was aelecied as parent for later genera¬ 
tions had 7 pairs, and this configuration ivas therefore found tn Z 
plants of the second generation as well as in 2 plants of the third 
generation. 

FoIUn Count (i piar^iy—Good 212, shrunken with contents 5, 
empty 35* Total 152. 

^4, “Hall 30” 

Pfdi^rie .—Seed was received from the late Dr, H. M. HalL who 
collected it along Mill Creek in the San Bernardino \Its, in 1930 
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(coll. no. 13030)+ A selfc:d line wa& begun io 193and has been 
coullnued with cultures in 1932 and 1934. This race is very similar 
to Hatl ^iid like it^ has shown considerable variation. In fact^ 
the differences between these two races have not been greater than 
the differences observed between individuals wdthin each race 

Characterization {First Generation ),—This family showed split¬ 



ting In many of the characters which were inconstant in Hall 21, 
including stem color (basal and terminal), presence of red papitke, 
midrib color, leaf breadth and flatness, position of marginal hairs, 
color of bract and cone, and length, hairiness and color of fruit. 
Like Hall the race was characterized on the whole by tall habit, 
long intemodes, erect appressed bracts with flaring tips, and con¬ 
sequent narrow truncated horal apices. 

Seeds smallish, red browm. Seed germination 86-96 per cent in 
different cultures. IfabiL Plants up to 13; cm., central shoot 
present or absent, rosette branches erect and tall. Leaves moderate 
in width (broader than in Hall mostly flat; midribs white to 
red, marginal hairs erect or appressed (9 ee, 6 £); red flecks present. 
Stems with long internodes; basal color present to almOist absent, 
tips red in all, but in varying degree, red papillae numerous to none, 
depending upon presence or absence of long hairs. Bracts reddened 
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or bronzed m alL but in varying degree. Floral tips narrow, elon¬ 
gate^ truncate^ with tightly appresscd bracts, flaring above. Budx 
slender^ tip to 10.5 em. (ovary 1, hypanthium 4.5, cone 5 cm.); ovary 
with or Without red papillae, hypanthiutn somewhat reddened, cone 
color evenly diffused, light ealmon to deep scarlet. Glandular and 
spreading pubescence present, the latter nearly horizontah varying 
in amounts Sepal tips tending to flare in the middle, converging, 
or falling to meet at ttp. fhw^rs up to S cm. across when fresh- 
Petals slightly broader than long 32 x 28 mm.), tooth not 

uniformly present in notch, petals rich orange-red when ^vichered. 
Style long. Fruitx long and narrow (4 cm.) to shorter and stouter 
(3 cm.), greyish-^green or clear green, some with red stripes. 

The first generation plant chosen to carry on the line had erect 
marginal hatrs, white Or barely tinged midribs, weak stem colora^ 
tion, many red papillae, bracts and cones vi-ith color of moderate 
intensity, and short fruits. Leaves and stems were grey, with a fine 
downy pubescence. The second and third generations have bred 
essentially true for these characters. Less variation has thus been 
seen in this race than in 31 in later generations. At present, 
Hall differs from Hall 21 chiefly in having broader leaves, greyer 
foliage and stems, and less anthocyan pigmentation in stems, but 
more in bracts and cones. 

A close correlation was seen in this, as in other cultures, between 
midrib color and the color of stems. There were ID plants which 
were classified as having white midribs, lo which had red midribs^ 
and 5 which were doubtful. Of the 10 with white midribs, all 
showed very little color in the lower part of the stems; of the id 
wdth red midribs, all had vivid stem coloration. Of those classified 
as doubtful, 1 had vivid stems, the other 2 had weak coloration. 

Chrom&wm^ ConfiguraiioTis . — Two plants had O 4 and 5 pairs, 
and I plant had entirely paired chromosomes. The plant chosen 
to carry on the strain was one with 04. In the second generation, 
2 plants were examined, one of which had O 4, the other 7 pairs. 
A third generation derived from the plant wdth Q 4 had 5 plants 
which were examined, all of which had G 4- 

PoUrn Count (3 pIs.)p“Good 600^ shrunken with contents 28, 
empty 25. Total 653. 

5. Hall 34” 

Pfdigm .—Seed was collected in 1930 by the late Dr. H. Af. 
Hall, near Bear V'^alley, in the San Bernardino CaliL (coJL no. 
13^34)- From this seed a first generation was grown in 1931 and 
a second in 1932. Another family from first generation seed was 
grown in 1934. 
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Charactfrization (Fir ft Cturratiti-n). — Se/df sma]!, dark brown. 
Seed germination, in different years, 6a per cent, JJ per cent, 75 
per cent. Habit. Plants rather low (60-65 without central 

shoots, the rosette branches spreading rather widely from well- 
developed rosettes. Ltattt relatively broader than In Hall or 
Hail JO, smaller; dark green, more or less crinkled and wavy at base 
of old leaves, a typical rosette leaf 28x4 cm,; midrib white, mar¬ 
ginal hairs bent in most (straight in one plant). Stemi delicate, 
slightly to brightly reddened below, greener above, tips red In 8 
plants, green in 4 plants; red papillae numerous in 5 plants, few 
in 3, none in 4 plants; all plants with long hairs; papillae absent in 
plants with green stem tips, Bractf upright, closely appressed 
against buds, vi-ith flaring tips, as in Hail 21 and Hall jo, reaching 
middle of cone of first mature buds; bronzed beneath in all plants, 
whether stems red or green-tipped. Buds slender, 7-8 cm. long 
(ovary i, hypanthium 3-4, cone 3-3,5 cm.), red papillae on ovary 
when on stem, hypanthium more or less reddened in all, quite In¬ 
tense in some; cone coloration evenly and faintly diffused in 4 plants, 
rather deeply and evenly diffused in 6 plants; hairs fairly numerous' 
pointing slightly forward, some plants with shorter and fewer hairs, 
others with more numerous hairs with confluent bases. Sepal tips 
bowed in middle, converging at tips, or tips failing to meet; green, 
delicate. Flowers 6.5 cm. across when fresh, petals broader than 
long (e.g., 3-5 i 2.8 cm.), usually with tooth in notch. Style long. 
Fruits 2 cm. long, rather stout, occasionally with tinges of red. 

Hall J4 is a plant of the Hall 21 or Hall 30 type, but smaller, 
with much more delicate parts, and a more spreading habit. The 
plant which was selfed to give the second generation had purpled 
leaf margins, erect marginal hairs, red stems, numerous papillae, 
colored stem tips and bracts, deeply colored bud cones, strongly 
bowed sepal tips and a circle of 6 chromosomes. The second gen¬ 
eration (both the 1932 family and the 1934 family) was quite uni¬ 
form in appearance, reproducing the characters of the first generation 
parent. 

Ckromojomr Configural{o,if,—iiT plants of the first generation 
were examined, and among them were found 4 configurations. One 
plant showed O 6 and 4 pairs (the parent of the second generation) 

2 plants had 0 4 and 5 pairs; 2 plants had 2 Qs of 4 and 3 pairs’ 
and t plant had 7 pairs plus a fragment. The cytologlca! evidence 
suggests that this strain has suffered considerable hybridization in 
recent times, and that it is far from being homogeneous 

In the^second generation (1932 family), 3 pbnts showed the 
parental Q 6 and one had 7 pairs, Indicating that at least one half • 
of the circle was alelhal. The high percentage of good pollen sug- 
gests that lethals are absent in this material. 
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PoilfTi Count {4 pis.).—Good BoOj shrunken with contents 35, 
empty 75 - Total 910. 

6. “HeusC^ 

Pedi^Tj^t ,—Seed was collected by Mr. Wm. Heusi in August, 
1930, at Mather* Calif., and sent to the writer by Dr. H. M. HalL 
The first culture was grown in 1931, and there have been cultures 
from selfed seed in 193^, 1933 and 1934. The strain has shown 
some variation, both in phenotypic characters* and in chromosome 
configuration, analyses of which have been made in each of the first 
two generations. 

Ckaracierization (First G^nffalion).—Sfrds smallish, red-brown. 
Seed germination 68-76 per cent. Habit. Plants 70-80 cm. high; 
central shoot absent* the relatively few rosette branches widely 
spreading from a strong rosette. dark green, slightly toothed^ 

margins more or less reddened in young leaves, midribs w'hite, mar¬ 
ginal hairs appressed; var>dng in width and length, but all rather 
broad, often obtuse (range 17 x 6.25 to 34.5 x 5.5 cm, for rosette 
leaves); varying also in crinkling. Sttms scarcely reddened below* 
or brilliant red, red papillae few, tips reddened In all. Floral tips 
few flowered, obconlcal; flat-topped w^hen young, rather compact. 
Bracts reddened below* or essentially green, scarcely reaching cone 
of first mature buds. Buds moderately stone to siender, 7-8 cm. 
long (ovary [, hypanthium 3-3^5^ cone 3-3.5 cm,); ovary red papil¬ 
late, hypanthium green to deeply red, cone with mere trace of color 
to deep red; long hairs fairly numerous, glandular pubescence pres¬ 
ent; sepal teeth long, slender* more or less appressed. Flou/^rs up 
to 7 cm. across when fresh; petals broader than long (e.g-y j-S i 2.75 
cm.)* wnth broad tooth in notch. Style long. Fruits long^ slender 
(4 cm.), often tinged with diffuse red when young (shorter in ph g)* 
Plants bloomed late in season* 

Three plants of the first generation were selfcd* but subsequent 
generations have been derived from but one plant (no. 8), although 
no. 9 was used in some outcrosses. Plant no. 8 had large, rather 
broad leaves with little crinkling and little marginal coloration; little 
coloration of the stem, scarcely reddened or green bracts, lightly 
pigmented bud cones, Urge flowers and long fruits. The progeny 
of this plant have bred essentially true to the characters of the 
parent. 

Heusi shows resemblance to DrmTs Gair and Dalton^ but h less 
robust in our climate^ has less stem pigmentation* and differs in 
other minor Retails. 

Ckromosams conjigurations were determined for three plants of 
the first generation. Two plants had 2 Os of 4 and 3 pairs* and 
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One plaot hsd O of 4. and 5 pairs. Two plants in the second gen-* 
cration, derived from the first generation plant with Q 4, showed 
each O 4 and 5 pairs. A single plant of the third generation yielded 
cytological material. It had 7 pairs. 

Pollen Count (3 pis.).—Good 699, shrunken with contents 28, 
empty 14. Total 741, 

7. “ Johansen* ” 


This strain was originally called **T & G” (Cleland 1931). 
Since it probably does not represent the original hookeri T & G 
however, its designation has been changed. ’ 

Pedigree,~A single rosette was collected along the roadside be¬ 
tween JJicholas and Yuba City, Sutter Co., Calif., in November, 
1927* Herbanum specimens of the original group of which this 
plant was a member ate in the Dudley Herbarium (Stanford Uni- 
versity), C. B. Woff no. 1435, The plant bloomed In Palo Alto the 
following summer. Seed obtained from this plant was probablv 
the result of sclf-fertdization. Inasmuch as the nearest Onagraceous 
individual was more than looo m. away. Some of this seed was 
Dr. D. A. Johansen and the first culture was grown in 
1930. The strain has been marntamed in selfed line since then with 

Mp-ltT uniformity 

CharacUrizalion.^Seeds of moderate size, dark brown. Seed 
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germination (average for 5 years) 99.47 per cent. Habit, Plants 
ca. 70 cm. high at Baltimore, forming rosettes; central shoot present 
or absent; when present, not much taller than the erect rosette 
branches; not much branched. Leates moderately broad (typical 
rosette leaf 23 14.5 cm.), light green, somewhat crinkled and wavy, 
soft to the touch by reason of fine pubescence; with white midribs, 
erect marginal hairs {te), green marginal glands; the margins them- 
seh'es slightly tinged with purple in young leaves, sub-entire; red 
flecks none; cauline leaves long, moderate in width. Stemt stout, 
slightly reddened below, green above, tips red, with both long and 
short pubescence; red papillae present, intcniodes long and rela¬ 
tively few. Bratts oblique in young tips, slightly flaring, slightly 
to moderately reddened on under surface, Urge, much eaceeding 
young buds, the earliest often equalling first mature buds. End of 
spite obconical, flat—topped, rather broad, loose, up to locm. 

long (ov^ry I, hypanthium 4, cone 5 cm.), slender; the largest buds 
of any California form so far described; red papillate, hypanthium 
tinged with light red, cone with broad red stripes; both spreading 
and glandular pubescence abundant; sepal tips long, delicate, some¬ 
what appressed. /'/oKi-rj up to lO cm. across when newly opened; 
petals broader than long (5 14.5 cm,), usually with broad tooth to 
notch; style long, st i gma lobes delicate, fru it 4 cm. long, moderate 
in Width, green, often with red stripes. 

This race differs from the hcokeri of de Vries, being larger and 
stouter; with broader, more crinkled, more softly hairy, lighter 
green, less toothed and white-veined leaves; longer, more slender, 
less pigmented buds, with longer, more delicate sepal teeth; larger 
flowers and greener stems. 

CknmojQme Configuration—Ail plants which have been exam¬ 
ined cytologicaily have shown 7 pairs in melosis. This includes 8 
plates of the first generation, and 3 plants of the 5th generation. 

PoUtn Count (5 pis.).—Good S8t, shrunken with contents 10, 
empty 95. Total 995, 

8 . “Mateo" 

Pedigrtf,- Seed was collected in November, 1950, by Dr. D, A. 
Johansen, from a plant growing at Pi. Pascadero, San Alateo Co., 
Calif., just back of the coastal sand dunes, and along a slightly 
saline slough. Starting from this seed, the writer has maintained 
a selfed liito> tvith cultures each year, beginning with 1931. The 
first family showed variation in several characters, the most striking 
segregation being in habit, as will be indicated in the description. 
Later generations have continued to show' the splitting in habit, and 
in certain other minor characters (Fig. 5). 
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FiC. s. Otneihrm “Mateo”; juun^ lip of dwarf plant. 

Ckaraclfrization.—Sfeds small to moderate, darkisb brown. 
Seed germination <)i per cent to loo per cent in different sowings. 
Habit. All but one of the first generation plants were characterized 
by a dwarf habit, with a central shoot, having very short internodes, 
numerous side branches and broad leaves, the plant as a whole being 
conical, compact and densely foUose, with the buds rising above the 
apci of the spike when still young; not over 50 cm, in height (said 
by Johansen to have been si feet tall in their native habitat). The 
one exceptional plant had narrower leaves, no central shoot, but 
widely spreading rosette branches, with long internodes, rising to a 
height of 70 cm., the buds being Inserted far below the stem tips 
when mature. In subsequent generations from selfed plants of the 
dwarf type this splitting in habit has been repeated, 3 tails being 
found in a total of 24 plants that bloomed in 1932. In 1934, progeny 
were grown from selfed plants of both the dwarf and the tall type. 
They became unfortunately badly infected with Septoria blight, so 
that only 3 plants from dwarf parents and one from a tall parent 
bloomed. Both plants from dwarf parents were dwarf, and the 
plant from a tall parent was tall. It seemed clear, however, from 
the breadth of the rosette leaves of those which did not bloom that 
the progeny of the tall plant was entirely narrow-leaved, and there¬ 
fore probably tall, whereas the progenies of the dwarfs included a 
few narrow-leaved individuats, and were therefore not entirely 
dwarf- Leaves slightly crinkled st the base in most, slightly toothed, 
dark green, hairy; midribs rarely white, mostly with traces of pink; 
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red flecks absent; margins strongly purpled^ even in mature leaves; 
glands redj marginal hairs apprcsscd. Sum atockyi with short 
intemodcs (or delicate^ with long internodes, in tall type)^ reddened 
below, green above, occasionally almost solidly reddened, purple at 
tips; red papillae large and numerous, more or less elongate. Bfacts 
in dwarf type large, broad, spreading, ^ as long as first mature 
buds; narrower in tall type, relatively smaller; reddened below, 
hairy* Muds stout, up to 8.5 cm. long (ovary i, hypanthium 5.5, 
cone 4 cm.); ovary with red papillae, hy'panthium often as red as 
cone, cone bright to dull salmon red, tips green; densely pilose, 
glandular pubescence also present. Sepal tips short, thick, ap- 
preased, briatly-hairy. Fhteffs 5-6.5 cm. across when fresh, open¬ 
ing early in evening; petals broader than long (r.g., 3.73 s 3 cm.), 
with slight to decided tooth in notch; style long, stigma lobes deli¬ 
cate* Fruit stoutj up to 4 cm. long, green, often with red stripes 
and many red papillae* 

The most striking features of are the compact habit of 

the plant and the occasional segregation of plants with long inter- 
nodesp Apart from this variation, minor differences in degree of 
crinkling of leaves, and amount of coloration of stem and bract 
were found in the first generation. These have largely vanished in 
later generations, all plants having rather flat leaves and well de¬ 
veloped pigmentation* 

Mau& differs markedly from any other form brought under 
observation, especially in habit. Its closest affinities are probably 
with/r^awcirfiiJTia and hcohri deV*, the former of w^hich especially 
IS not unlike the elongate form of Mateo, In bud characters, Mateo 
shows the stout, cylindrical shape of the hookeri bnds, and the dense 
long pubescence of franciscana. 

Chromosome Configurations .—In the first generation, one plant 
showed G 8 and 3 pairs (the plane with the tall habit), one plant 
had Q 4 and 5 pairs, and 3 plants had 7 pairs. One of the last 
became the parent of subsequent generations. In 193^1 3 plants 
(including 2 dwarf and i tall plant) show^ed 7 pairs, and in 1934? 
z plants (i dwarf and i tall) showed the same configuration* 

Po^^fu Counf (3 pis*).—Good 648, shrunken with contents 13, 
empty 22, Total 6S3* 

9. “Mono^* 

Pedigree .—Seed w'as collected by Dr. D. A. Johansen at a point 
zi miles north of Chris Flat, along the West Walker River, Mono 
Co., Calif* This is on the east slope of the Sierras, at an elevation 
of about 900GP feet. From this seed, the writer has established a 
scifed line, with cultures each year, beginning with 1931* The race 
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has shown a certain amount of variation, as indicated below 
(Fig. 6), 

CkaracUrizji£i{)n (Fvrsi Ci-nrrdiioTi). — S/i^ds moderate!)^ sinaU, 
dark brown. Seed genTLination 78-100 per cent. PJants 

70 cm. tall at Haiti mo re, most plants with central axis, which in 
only 2 cases was higher than the rather erect rosette branches^ plants 
bushy but rather open, with delicate stems and leave^^ 
bright clear green, relatively flat and uncrinkled; margins reddened 
at least in young leaves^ glandular teeth red, marginal hair^ ap- 



Fio^ 6* Otnmktra ** Mono,” 


pressed; midribs pint to bright red; red flecks present in some iadi- 
viduals; variation in kaf breadth in different plantSj mostly' rather 
broad {rosette leaves ave. 20 a 5 cm.). Stems slender, reddened 
below, or often throughout, purple-tipped, with relatively few ted 
papillae. Bracts narrow or moderately broad, more or less red¬ 
dened beneath, upright with slightly flaring tip, or oblique and 
widely flaring, about equal to or slightly exceeding young budsj 
reaching to base of cone of earliest mature buds. Floral tip small, 
delicate, relatively few-flowered, obconical or narrow. Buds up to 
7 cm. long (ovary i, hypanthium 5, cone 3 cm.), slender or moder¬ 
ately stout; ovary with red papillae, hypanthium distinctly reddened 
or green, cone more or less evenly reddened, the amount of coloring 
varj’ing in different individuals, Intense In some; sepal tips green; 
cone softly and moderately hairy, both long spreading and short 
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gt^ndulAt haij^ present^ former not very abundant; sepal tips short, 
delicate, appressed to slightly parted in the mid region. Fhuwi 
5-5 to 7 cm. when fresh, opening late in the evening. Petals slightly 
broader than long, with tooth in notch. Style long, stigma lobes 
moderate in length, delicate^ ftmii 3“4 long, rather slender 
In most plants, shorter and slightly stouter in the plant which be¬ 
came the parent of succeeding generations. 

Variations were present in the first generation with respect to 
presence or absence of central shoot, leaf breadth, cone color and 
fruit si^e. Subsequent generations were derived from a plant with 
short central axis, leaves of moderate width, bract and cone pig¬ 
mentation of moderate Intensity, short sepal tips and short fruits, 
\ ariations in leaf breadth have not been noticeable in later genera¬ 
tions, but variation in cone and bract color, and character of central 
shoot have persisted. One plant in 1932 had perfectly green buds 
and bracts. Selfings from this plant and from one with red buds 
and reddened bracts were grown in 1934. In the family from the 
green-budded parent, only 2 out of the 9 plants which bloomed had 
green buds and bracts. The progeny of the red-budded plant, on 
the other hand, included more green- than red-budded plants (2 red, 

3 green). This is the sort of result that might have been expected 
had the red-budded parent been hetero^-ygous for a pigmentation 
factor, and pure for the recessive allele of an inhibitor of pigmenta¬ 
tion, while the green-budded parent w^as heterozygous for the in* 
hibitor at the same time that it carried the pigmentation factor. 

Chromosome ConfiguraUons.-^TwQ first generation plants showed 
G 4 and 5 pairs. Two other plants had 7 pairs, plus extra chromo¬ 
somal material; one of these showed a set of 3 ejttra half-sized 
chromoMmeSj the other an extra pair of diminutive chromosomes. 
This, with the case found in Holl is the first time that extra 
chromosomal rnateriaj has been found in wild strains of Onagri, 
A fuller description of the cytological situation is reserved for a later 
paper. 

The first generation plant which was used for selfing had 7 pairs, 
plus^ an extra pair of chromosomes. Two plants in the next gen¬ 
eration were examined cytologically and both showed the extra pair. 
Each of these was selfed and yielded a third generation progeny* 
From one of these families, 3 plants were studied cytologically, and 
all had the extra pair; from the other, 9 plants were examined, of 
which 8 had the extra pair and the ninth had but a single extra. 
All of these plants, apart from the extra diminutive chromosomes, 
had 7 pairs. 

Pollen Count (2 pis.).—Good 471, shrunken with contents 18, 
empty 79. Total 568. 
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TABLE j 

Cn&ouc^OHE C&xrici/RATioKa or Fi IfYiRiDa, Both or Wuqs£ Par^kta Were 

Califorma Racrs 


Cniii* 


BoUok X DiviTj Gtf/f . 

X kookfri ,, , ^, 
JDa£c^ X ybAflium,, , 


BrtiTj Gaw X Ddlion . 

DtcnPi OjsU X /rdnriff’flflfl ^ 
Cd^f X )to 0 it/n\ .. * 
AmTj Gdif X Jttkm ifn ^ 4 ^ 


FdZif J / X i>d/iu A ^ . . 

Hall 21 X ffanctjcana^ ., 
HaU2i KHali34 ^ ^ 
liali J7 X (pL lo) , 

21 X +Vqjqd (I pin,) , 

Hali JO X Hali 21 ___ 


Hail JO X HsJ£j4. 


H^t JO X hcokfri, __ 

Hall JO X Matfo^ 

HsU joX (8 pfAn) , 


Hoiij 4 XDmTjC^^ . 


Hall J 4 X Aiaita^^ i.... +, 
Hal£s4 XAicna (Spn )., 


Htiui (O 4) X Dmi^iCalf -. ., 

Hfosi (0 4) X HaH SI .. 

Hfuji (2 Gi 4) X Hail ja .,,,, 


Co en pTci-CO cu In [41a t io a 


^Dak^^koak. 

^Dalt. ^Jak^ 

^D^TrC. ^/rdBCp 

*Z)«r.C. V®A. 

^HatS 

^HaU 2 i.ti 0 Ha!l J 4 

^Hall 

^Haii 2 i^MoTia 


ChyiiwiioiQnit-iMiiiipifa Ttrt^ 


§ Hail 
a Hall JO 
A H ail JO 
£t Halt JO 

a Halt JO. 
^ Haii jo^ 
et Hail JO. 
0 HaUjo 
a Hall JO. 
& Hail JO 


^Haii 2 f 
^Hali 2 l 
A Hdi J 4 
^Hailj 4 .or\ 
HaUj 4 / 

*A£ioA. 

Wdf, 

WoAo 
*i/oKg 


di (f> Hall 
a Hall J4.^h0^k. 

& H^ j 4 .MoQk. 

« (?) UaiijiMlaL 
& tl) Hall 34.^Afono 

a //rtfFi. *A?,G, 

(f HfuiL^Hali 21 
^ H2ui(^*^Hail 2i 
oe Hfusi .a Hall JO, Of 
& Hdl jo^or 

i //oi; JO 

^ AdjriV a az 

y Hausi^^ Hail jo 
y HfMsi.ii Hals JO 


7 patn 

©4 

7 pRi« 

7 paifA 

©4 

0 + 

7 paiz% 
r 

7 palrt 

O4 

©4 

7 pairs 
7 pftire 

7 pRin 

©4 ^ 

7 pairs 

04 
7 pRin 

0 4 
O4 
7 paira 

© 4 p 6 pfi. 

S psiin 
04 

7 P*ir» 
©6 

04 

0 4, 6 prt. 

7 paLri 
0 4 

7 pairs 

O 4 

©4 


3 ©14 

0 4. 0 fi 


[3 pij,) 
(3 pi».) 

0 p(«-) 

CspM 
(3 pi»‘) 
(j piO 
(1 pk-) 

(jpk.) 

(3 pit.) 

W pt*.) 

(1 p^*-> 

is pi*o 

{i pi) 

{I pL) 
(i pL) 

(ipL) 

(1 pts.) 

Pl.) 

(3 pit.) 
ti pl.) 

{(pi.) 
ti pl.) 

(spU.) 
(3 pl».) 

(I pi.) 

(3 pl*.) 
(+ pl».) 

() pl ) 
ti pis.) 
<3 pis.) 

(I pl.) 

Cl pi.) 

(1 pl.) 

(I pl.) 
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CfD»l 


Co^intii]cx-i 3 ?mtbut 1 aD 


C ihtnimo fu^ 


Himi (2 Oi +) X J#,.. ^. 


//rttfl (0 4) X X .. 

ileuji {2 0i 4) X M^no CO 4>. . 


a //rtijrf,* Ifali 54, orl- 

7 iiruji .0 54 (?) J 

7 //flilf 54C ?)pOrl 

iff or r 

0 H^.^Ha^S 4 a} J 

a Ahno <1^1 

If Af^ttod) nr S- 

^ Jfon^C?) J 

<t HfUnu^ Mow, or 
//rtfjt.flc MapfOp or 
^ Hfuii.n Mom?, or " j 
y fftvsi.ff Mono (f)j, or 
^ /Inm .# i/oRoC f) , 
y Mono^ or 

y /ffuji.P ilf?)* or 1 ^ 

& Momi ?)*or ^ 

^ Hfuri .p Mowd) 


0 + 

t Os 4 
7 pairs 

04 
7 p^ln 

O4 


a Os 4 


(3 pliJ 


(4 

(a pk) 
U pl.) 

(1 pl) 

b pt-0 

( 3 PM 


X J&kansen . *.. ,. 


^Aeol *i>fr.C. 


/eAdil/rt X . ... 

JohcnsrH X DmPj Golf. 
/o^att/rR X /rtfiKifcona . + 
Jakanjfn X Asoirtl .. , ^ ^ *_ 




04 

is pli,) 

04 

5 ph ) 

7 pairs 

(j pl* ) 

7 pairs 

,S pl*-) 

0 4 

(4 pl».) 

04 

(a ph.) 


iMoifO X Dmfj Ccff\ 4 ^ . 

AiaUo X Jfriwlm , 

3/^/0 X M&no (S praj r,. -. * + 


^AfatAkook* 

*Mai..^MQnQ 


7 paira (j pJs.) 

O 4 (3 pUv) 

ft pairs {j pis,) 


Afoap CO 4) X 

Jifdnti (ft pra.) X ^ . 

Mono (ft pn,) X Jokanjfn ^ ..... 




f 


^MonoAMalr 




^M^m^Jok. 


G 4 (3 pM 

i pain (i pL) 

7 or 8 pains, or 7 
pis. plus t chrom. 

Ca pb.) 

3 pain (S pU.) 


B. Fi Hybrids B^twern California Races 
mui^Oe. ("DaZ/oft” X Devils Gate*^) (1930; 11, pi, 2 X 1930: 

12, pL9). 

Seed germination 96 per cent {50 ;eed)i 15 plants transferred to 
field. 

Height up to I m. Plants showed the independent variation in 
position of marginal hairs (9 er,- 6 Ee) and in stem coloration {7 
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brilliant red; 8 light red) which are characteristic of DetfiTs Cate: 
with respect to cone color, a less clear-cut segregation was seen; 
plants approached DetiPs Gale more closely than masnciuch 

as all had at least a trace of color. Only those plants with rela¬ 
tively strong cone pigmentation showed the under side of the bracts 
reddened. With respect to other characters, the parents were essen¬ 
tially similar, which similarity was carried over into the hybrids. 

Segregation in cone color has not been noticed in either of the 
parental strains. However, the presence of such segregation In 
progenies of the particular Demre Gate plant used in this cross indi¬ 
cates that it was probably hetcrotygous for a gene or genes affecting 
cone and bract color. 

CkromosoMe Conjigufatton, —-Three plants were examined. All 
showed 7 pairs. 

Pollen Count (i pi.).'—Good 311, empty 4, Tola] 315. 

' 93 *- 4 S i^^DemFs Gate'* X "Dalton") (1930:13, pL g X 1930: 

I r, pi. 3). 

Only 16 seed were available, of which 13 germinated; from these, 
II plants were grown to maturity. The plants were identical with 
their reciprocals, showing the same type of variation in color of 
stem, cone and bract, and in marginal hair position (redder stems 
in 6, lighter stems in 4; erect hairs (/r) in 6, appressed (Ee) in c, 
Segregation independent). 

Chromoforne configuration in 3 plants was 7 pairs, They were 
thus like their reciprocals. 


mi -37 0 e. y Dalton" X hookeri den (l9Jo:r t, p], 3 X 1930:9, 
pi. tl)* 

Seed germination 64 per cent (30 seed); 15 plants transferred to 
neiu. 


Height up to I m. Culture essentially uniforni, resembling 
hookeri more closely in habit, but approaching Dalton more nearly 
in bud characters, including shape, color of cone and bract, and 
pubescence. ’ 


C^ornojomc Cen/guranaa,—Three plants were examined. All 
had ©4+5 pairs. 

Pollen Coa«f (i pl.),~Good 266, shrunken with contents 1 
empty 12. Total 381. 


^ (,930: II, pi. 3 X t93o: to, 

^^1 Seed germination 86 per cent (50 seed); 15 plants transferred to 
Height I m.; the culture was uniform except in the presence or 
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absence of central shoot. It showed the charactenstics of Johansen 
most strikinglj^ in the soft velvety pubescence of the leaves^ absence 
of heavy diffuse pigmentation on the stems, loose spreading char¬ 
acter of the floral tips* increased amount of cone and bract pigment* 
and red stripes on the fruit. The influence of Dalton was best seen 
id the narrowness of the leaves^ in the presence of confluent hair 
bases on the conCj and possibly in the arrangement of cone pigmen-- 
tation into splotches, irregularly scattered, rather than into stripes 
(see pedigree 1932; 68, p, 368). 

Ch romosome Configu ratio n. —Th rec pla n ts were ei:a m i ned, They 
had 7 pairs. 

Pollen Count (t pj,),—Good 321* empty 34. Total 335. 

1931:51 Oe. (“Johansen** X “Dalton”} (1930: 1O3 pL 1 X 1930: i[, 

Seed germination 96 per cent (50 seed); 15 plants transferred to 
field. 

In every respect, this culture was identical with its reciprocal 

Chromosome Configuration. —Three plants showed 7 pairs of 
chromosomes In diakinesis. 

1931:46 Oe. (“Deoirs Cate** X franeiscana deF.) (1930 :12^ pi. u 
X 193 ^^* Hi pi- ^)- 

Seed germination 76 per cent (50 seed); 15 plants transferred to 
field. 

Height up to i m. Culture essentially uniform in all charac¬ 
ters, except leaf breadth, in which there was an ill-defined variation. 
Plants resembled ver^*' closely in rosette characters* 

having broad wa.vy leaves. Franciscan a influence was also seen in 
the presence of a considerable amount of coloration in bud cone and 
bract, and in the strong development of long horizontal hairs op the 
buds. Deryirs Gate influence was largely seen in the narrowness of 
the floral tips, slimness of the buds^ length of the sepal tips, and 
partial suppression of cone aod bract color, resulting in a degree of 
pigmentation intermediate between that of the parents. The het¬ 
erozygosity of the peviTs Gate parent in respect to stem color and 
marginal hair position vi^as presumably masked by dominant genes 
in homozygous condition in frandscana. 

Ckromosome Configuration. —^Three plants were examined, all of 
Tvhich had G 4, S pairs* 

1931:28 Oe, (franciscana deF. X Deutfs Gate”) (1930:14, pi. 2 
X i 93 a:i:^s pL i). 

Seed germination 92 per cent (50 seed); 15 plants transferred to 
field. 
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These pknts were essentially simiUr to their reciprocals. No 
Btiidy of chromosome coafiguration was made, 

'931:43 Of, (" Z)«iTj Gaif ” X hookeridef',) (1930: n, pi. 9 X 1930; 

9, Pl- 3)- 

Seed germination 100 per cent (50 sced)^ 15 plants transferred 
to field. 

Plants up to I m. in height, similar in habit to the parents, but 
intermediate with respect to most of the characters in which the 
patents differ, such as leaf breadth, character of flowering tip, length 
of sepal lips. Independent segregation was observ^ed in stem colora- 
tion (7 bright red, 7 light red), cone and bract coloration (5 with 
much color, 9 with little or no color), and marginal hair position 
(4 " These are characters in which Devil’s Cate itself 

shows splitting, or in which the Deml*i Gate parent was apparently 
heterozygous, and the inconstancy of the hybrid must be ascribed 
to the heterozygosity of the DcpiTj Gale parent, especially since 
hookeri dcV. is Lnown to be homozygous. 

Chromosome Cos/guraitsB.—Three plants were studied, and each 
showed O 4, 5 pairs. 

I93t: 17 < 9 f. (hooieri deF, X Gate") (1930:9, pl. 3 X 1930: 

tz, pl. 9)* 

Seed germination 92 per cent (50 seed); 15 plants transferred to 
field. They were identical with the reciprocal and showed splitting 
in the same 3 characters, as follows: 


more red in cones and bracts 9 
little red in cones and bracts 5 


bright red stems 6(fr 2, Ee 4) 
light red stems ${ee l, £f 2) 
bright red stems o 
light red stems 5(cf 2, 3) 


Chromosome Conjigvtalion.—ThKt plants had Q 4, c pairs, like 
their reciprocals. 

Pollen Count {i pl.).—Good 25, empty 44. Total 69, 

.931:44 0 , X (1930: .2, pi. 9 X 1930: 

10, pu 7J+ 

fi^^ Seed germination 98 per cent (50 seed); 15 plants transferred to 

Plants showed segregation In respect to cone and bract color 
stem color and marginal hair position, as follows; 


cone and bract darker red 3 
cone and bract lighter red 10 


stems dark red 3 (ee 1, Ee i) 
stems lighter red 2 (ee 2, Ee 0) 
stems dark red 2 (ce i, Ee j) 
stems lighter red 8 (ee 4, Ee 4) 
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In moat other respects In which the parents differed, the hybrids 
were iotermediate, showing, however, in striking fashion the typical 
DanPj Gaif character of having the bracts appmessed closely to the 
buds, even in anthesis. 

Ckromosa 7 IU Configurdtion .-—Four plants were examined; each 
showed 7 pairs- 

FolUn Count (i pl.)^'—Good Ji6, shrunken with contents 3, 
empty 12. Total 331. 

CVoA^rtjTffi^^ X **D^irsGdty*) (1930: 10, pL 6 X 1930: 

12, pL 9 )- 

Seed germination lOO per cent (50 seed); 15 plants transferred 
to field. The culture resembled its reciprocal in every particular* 
Splitting occurred as follows; 


cone and bract darker red 8 
cone and bract lighter red 7 


stems dark red 4 (« 3, i) 
stems light red 4 (ff 4, o) 
stems dark red 2 2^ Ef o) 

stems light red 5 {et 2, E^ 3) 


Chromosome Conjiguraiion .—Three plants were studied. 
7 pairs. 


All had 


1931:27 Oe. (francisesnadeF. X **Ddhon^*} (*910: l4i pL 2 X 1930; 

II, pj. 2). 

Seed germination 98 per cent (50 seed); 15 plants transferred to 
field. 

Plants uniform, 70 cm. high, with strong rosettes, widely spread¬ 
ing rosette branches and no central shoot. In general, the culture 
waa intermediate in those characters which distinguish the parental 
races, such as leaf breadth, character of fioral tip, cone coloration, 
bud shape. 

No cytological studies were made of this culture. 


1931:26 Or. (franciscdna drF. X Johansen**) (1930:14, pi. 2 

X Pl-iX 

Seed germination 76 per cent (50 seed); 3CS plants transferred to 
field. 

Plants uniform, 60 cm. high, with strong rosettes, spreading 
rosette branches and no central shoot- Johansen characters which 
were particularly noticeable were velvety pubescence of the foliage, 
spreading character of the floral tip, and red stripes on the Qvar>'- 
f raneiscana characters included appressed marginal hairs, deep bud 
and bract coloration, and general habit. Plants were intermediate 
in leaf breadth^ bud shape and stem coloration; other characters 
were common to both parents. 
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Cytological studies were not made of this culture. 

1931:53 Of, jchafisfn*’X francijcsna de^,) (1930:10, pi. 6 
X 1930:14, pi. 2). 

Seed germination 90 per cent (50 seed); 15 plants transferred to 
^^1^' every respect the culture was uniform and identical with 
its reciprocal. 

Ciiromosomf Con^s^rmon.—Four plants were eiamined. Each 
showed 0 4, 5 pairs, 

t 932:68 Of. Cllatl 21" X^Dallan") (1931:65, pi. & X 1931:1, 
P 1 ■ 9) ■ 

Seed germination 95 per cent (100 seed); 30 plants transferred 
to field. 

Height iip to 125 cm., habit closely resembling Htill 21, with 
central shoots In some plants, rosette branches erect and tail, with 
long intemodes, mature buds borne far below lip of floral aiis 
Plants also showed the pinkish midribs of I/alt 21. Apart from 
these characters, and those which showed \'ariation (see below), 
most features of the hybrids were common to the parents. 

Variation was shown in amount of crinkling of foliage; presence 
or absence of central shoot; amount of coloration on the stem- bract 
and cone coloration; pattern of coloration on cone (whether striped 
or splotched); presence or absence of red stripes on fruits. In all 
of these characters, eicept cone color pattern. Hall 21 had also 
shown splitting in the generation which furnished the parent of this 
CTO8S, whereas Dalton had shown uniformity with respect to these 
characters. It is possible, however, that Dalton is heteroaygous for 
a cone color pattern factor, which it is itself unable to express, owing 
to the absence of pigmentation. With the possible exception, there 
fore, of cone pigmentation pattern, the variation found In this hy- 
bnd should be asenbed to the female parent, which was apparently 
heterozygous for a number of factors. AH of these characters were 
independent in splitting, except cone color and bract color, which, 
as usual, were completely correlated. 

= 11 eiamined, and 

all sno'Hrea 7 pairs^ 

1932:X franchcana */'.) (1931165, pi. 6 X 1931: 

to fidd*^ germination SS per cent (100 seed); 30 plants transferred 

Height 130 cm., habit closely resembling Hall si, with tall, erect 
Stems, long intemodes and mature buds far below tip of floral axes 
Plants were intermediate between parents in leaf breadth, and width 
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of bud coa^s^ showed the appressed margma] hairs of franciscdnay 
and the long delicate sepal tips of Hall A closer approach to 
uniformity was fouod in this than in the last mentioned culture^ 
owing to the fact that the tendency of progenies of Hall (1931, 
pi. 6) to split with respect to stem, bract and cone color is largely 
mashed by the presence of dominant genes for sneh coloration in 
homozygous condition in franittcana. Consequently^ only bare 
indications of variation in cone color were observed, and no varia¬ 
tion in stem or bract coloration. Splitting with respect to fruit 
coloration was still observed, however* 

Ckrom&same Conjigurai^ion .—^Thrce plants were examined^ and 
each showed O 4, S 

1932:51 Or, C Hall 21" X "/M/(1931-<^5* ph 6 X 

pi. 7)^ 

Seed germination gi per cent (loo sced)j 30 plants w'cre trans¬ 
ferred to field. 

Plants reached 140 cm. in height, with talh erect stems, long 
intemodest snd mature buds far below tips of fioral axes. The 
parents were very much alike, differing chiefly in the following 
respects: the Hall 21 parent had relatively few, erect stems^ weak 
stem color, few red papillae, red stripes on the fruits; the Hall 34 
parent had more numerous and more spreading branches, brighter 
red stems, more numerous papillae, and fruits devoid of pigmenta¬ 
tion, The hybrids resembled the Hall plant in habit, had a 
moderate number of red papillae, showed some variation in stem 
color (leaning, hovrever, toward the pollen parent), and showed 
splitting in cone color. There was also some variation in the degree 
of canescence on the stems. 

Ckfomosamf Configuration .—Six plants were examined and all 
showed 0 4, 5 pairs. 

i933;70 0 ^. (“//^// 21^' X (1931:65, pi. 6X 1931:4, 

pi. lo). 

Seed germination 85 per cent (lOO sced)| 30 plants transferred 
to field. 

Plants showed the type of splitting in habit characteristic of 
Maiao. Eleven plants were tall (110^130 cm.)* wi^h central shcxit 
and erect side branches (both tall), slender, elongated internodes, 
narrow floral tips^ short erect bracts, mature buds not reaching the 
tip of the floral axis, except at the end of the growing season: 14 
plants on the other hand were dwarfed (50-75 cm.), with shorter 
steins, short internodes, broad flat-topped floral axes, long bracts 
growing obliquely and flaring widely, mature buds exceeding tip of 
axis vory early in season. 
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In addition, apparentlj' due to the influence of the Uatl si 
parent, splitting was apparent in at least 3 other characters, all of 
which varied Independently of each other, and of the segregation 
in habit. These characters were stem color, fruit color (17 with red 
stripes, 9 with no stripes), amount of fine downy pubescence on 
stems and fruits (15 with abundant pubescence, n with little or 
none). Some ill-defined variation in leaf breadth was also hiund. 

With respect to other characters in which the parents differed, 
the plants showed an intermediate condition in bud thickness and 
sepal tip length, an even distribution of cone color, which was 
weaker than in Malta, and the appressed marginal hairs of Malta. 

Chromosomt Configutation .—Two plants were examined, both of 
which had 7 pairs. Both were tall plants. From other crosses 
involving Malta, however, it is known that both tall and dwarf 
types have the same segmental arrangements. 


1932:69 Ot, 21" X “A/oJts”) (1931:65, ph 15 X 1931-C 

pi. 10 [S prs.]). 

Seed germination 63 per cent (loo seed); 30 plants transferred 
to field. 

Plants from 70 to over too cm, in height. The parental races 
are closely related, but differ in a number of features, the principal 
being height, presence or absence of central shoot, position of mar¬ 
ginal hairs, leaf breadth, coloration of bracts, color of hypanthium 
and cone, presence or absence of red stripes on fruits. The hybrids 
showed considerable variation in height, some variation in leaf 
breadth, an almost unanimous absence of central shoots, and split- 
img in regard to bract color, hypanthium and cone color. In this 
sp itting, a tendency was observed for those with red cones and 
bracts to show traces of red on fruits. On the other hand, those 
with brighter cones seemed to show fewer papillae on stem and 
ovary, ot parent races showed splitting in respect to leaf 
breadth^ and bract and bud color. 

Three plants were examined, and 
despite the fact that the Mana parent had extra chromosomes, all 
3 showed the normal 14 chromosomes, arranged into 7 pairs in 
diakinesis. Since id a\\ other cases where a. Mono plant with extra 
chromosomes was used in a cross, extra chromosomes have been 
found m the progeny, the presence of 7 pairs in this case suggests 
that possibly a mistake was made in pollination, “ 

U93,:U. pi. , X .93.:6s. 

to fidd ^ P" (“» SO pl«t. tr,n,fcrn:d 
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Height up to 170 ciii+ The parental strains resemble each other 
ver>' do^ly, there being no greater difference between them than 
was seen within the races themselves in the first generation under 
observation. Natorallyn therefore, the hybrids were scarcely to be 
distinguished from their parents except by their increased vigor. 
On the whole^ the hybrids showed a greater development of red 
stem pigmentation than was shown by either parent^ no doubt a 
cumulative effect. Increase in stem coloration was accompanied 
by the appearance of pink color in the midribs, which was absent 
in both parents (Lr., in the indit'iduals^ not the races as a whole)^ 
but which is practically always seen in California forms when stem 
coloration Is strong enough. The hybrids showed bowed sepal tips 
and a deep orange coloration in the petals after withering (both 
characters of Ilifll jo); they abo showed purplish leaf margins (found 
in the Hall ^r, but not in the Hail jo parent)* Like the parent 
races, the hybrids show^ed variation In the amount of cone colora¬ 
tion and in the presence or absence of red stripes on young fruits. 
All other characters displayed by the hybrids were seen in both 
parents* 

Ckromos&me ConfiguraliOTts^ — Two plants were ejtamined cyto- 
logically. One of these (fi Hail jo.^Hali si) had 7 patrs^ the other 
(a Hall si) had G 4, S pairs- 

1932:50 Of. C^Hail jo” X "*Ha{{ 34''} (1931:66, pL i X 1931:67, 
pL 7)* ^ 

Seed germination 5 per cent (loo seedj the seed was probably 
collected too young); all 5 plants transferred to fleldj of which 3 
flowered. 

The parental races differ chiefly in habit. Hall 34 being much 
lower, with more spreading rosette branches. The hybrids resem^ 
bled Hail 34 rather closely in habit, being only 60 cm. in height. 
The individual of Hati 30 used in this cross showed much less red 
pigmentation in stem, bract and cone than did the Natl 34 parent. 
In this respect, the hybrids were somew^hat intermediate, leaning 
toward the Hall 34 condition. 

Ckfomojomf Configufalions. — Two plants were examined; one of 
these had 7 pairs, the other Q 4, 5 pairs. As will be explained later, 
the first plant must have had the composition u Hall JO. a Hall 34. 
The latter might have been cither a Hall JO./3 Hall 34 or^ Hall 30. 
ff Hall 34. 

1932:77 Of. {'"Hall jo'" X hmhri dfT.) (1931:66, pL 1 X [931: 

S7, pL 12 ). 

Seed germination 98 per cent (100 seed); 29 plants transferred 
to field. 
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Plants up to I !o cm, in height. Culture was essentially uni- 
forai: the^ plant! were intermediate in habit, and show'ed purplish 
leaf margins; strongly reddened stems, bracts and buds; and sepa! 
tips of intermediate length, 

Ckri>tnt>ji)mf Cahfiguralions. —^Three plants were examined. Two 
of these (« Hall 30. ^kookert) had 7 pairs; one plant O Hall m *‘kook- 
ert) had G 4, 5 pairs. 


1933:75 iO”K {1931:66, pi. I X 1931-4 

pi. 15). ■'' 

Swd gemination 97 per cent (100 seed); 30 plants transferred 
10 neldf 3 .\l but 4 remained rosettes. 

Three plants were semi-dwarf in habit, and one was tall, showing 
therefore the same type of segregation in habit found in Mateo. 
J he tall plant in this case was not actually much higher than the 

latter had many more internodes than 
the former—about 70 nodes per branch vs, 50 per branch. Influ- 
ence of Maifo was seen not only in the segregation according to 
habit, but also m increased stem color, pinkish midribs, appressed 
marginal hairs, stoutness of bud cones and shortness of sepal tips. 
Afu//JO inflnence was especially seen in the weakened bract and 
cone coloration and m a slight tendency' toward bowing of the sepal 

Ch^mosome Con^guratioa^.^Two plants showed 0 4, 5 pairs 
{alfijfijo. AfaUo}; odc plant had 7 pairs (fi Hail joJAhtfo). 

I93i:7< 0, r/W/ jo” X (153,:66, pi. , X 1931:3. 

pl. to [8 prs.jj, " 

to fiei? P*"' 30 plants transferred 

and in the different 

degree of development of anthocyan pigment, the races Im-olved In 

this erj^s are quite similar, having the same characteristic shape of 

floral tip and other important features in common. W^th respect 

f parents differed, we find the influence 

brashes spreading habit of the rosette 

aoDrSstd ^ reddening^ of stems, the pinkish midribs and 

bSd cTnes fofiu 7’/r/f of bracts and 

bud cones. Infiiieuce of Hall jo was best seen in the long delicate 

,1, i" l»f b™.dll. .„j i„ 

Ciromnm, Co,;S,„an»„,— Tto p|,„„ eiamincd. One 
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of these (a//e?//ja, Alf/ofttj) had G 4 t & paif^j the other Hall 
had S pairs. It ie to be noted that both plants had i6 
chromosonaes, a result of the prescoce of i6 chromosomes in the 
Mono parent. Why there should have been l6 ebnsmosomes In the 
hybrids, rather than 15^ as one would have expected, ts not yet clear, 
A fuller discussion of the cytological behavior of Mom and its hy¬ 
brids will be reserved for another paper. 


*932:79 Of. C" n^U J 4 ** X (193 1 Pl^ 7 X 193 1 ^ 

pl* 7)'^ 

Seed germination 53 per cent (lOO seed); Only 6 plants survived 


to be transferred to the field. 

Plants were almost as small as Nall J 4 (^P 7® and 

showed the appressed marginal hairs of the Droirj^ Gatf parent. 
Buds were moderately colored, the sepal tips loog^ delicate and 
somewhat bowed. Other characters were common to the parents, 
and therefore present in the hybrids* 

Chromofopif C&nfiguratwnr —^Fivt plants were examined, and ail 
showed Q 4t S pairs. Since the alpha complex of Hall J4 gives 7 
pairs with ^kookfri, it vrould be expected to give O 4 with ^Dftlrs 
Gaif, The beta complex of Halt 34 is not definitely known In its 
end arrangement, but there is a possibility, since it gives O 6 with 
^hcokfrij that it tCNS may give Q 4 with ^DfvU*s Caif. There is 
therefore the possibility that basth of the arrangements of ends found 
in [fall 34 were represented among the plants studied cytologically. 


1932:82 Of. 34"' X kookffi dfT.) (1931:67, pi. 7X 

57, pi. 12). 

Seed ttermination 63 


1931: 


to field. 

This culture was essentially uniform^ The parents differed 
chiefly in breadth and flatness of leaves, color of midrib, and shape 
of bud. The Fi plants had leaves intermediate in width, and some¬ 
what cri nkly-w a vy, wh h mid rib s slightly reddened. B ud e had Ion g, 
delicate sepal tips, often distinctly bowed in the middle* 

Chrornosemf Configurations .—Three plants were examined* Of 
theaC:^ 2 plants {a Hall 34-^kookfri) had 7 pairs, and i plant (fi Hall 
34.^kookfri) had O 6. Since the Hall 34 parent itself had 0 6* it 
was natural to expect, when a Hall 34 gave 7 pairs with Hookfri, 
that & Halt 34,^hookfri w'ould have G 6^ 


1932:78 Of. {^^Ilall 34''X **Maifo^^) (193^:67, pL 7X I 93 j^ 4 t 
pL 15)* 

S^d germination 39 cent (lOO seed); 30 plants transferred 
to field, of which all but 4 remained as rosettes* 
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All phnti w^re low, without central shoots. One plant was 
dearl>^ of the dwarf type (35 cm. hlgh)^ one was deBnitely of the 
elongate type (60 cm. high); the other two were shori* but had the 
narrow tips of the elongate lypc^ ^tid were probably poorly devel¬ 
oped apecimena of the latter. There was thus evidence of the split¬ 
ting in habit so characteristic of AIuj^q and its hybrids. in¬ 

fluence was also seen in the rather broad leaves with slight traces 
of pink in midribs^ and appressed marginal hairs. Influence of 
IIall J4 was especially noticeable in the rather long sepal tips, much 
bowed in some bud§. Other external characters of the hybrids were 
common to both parents. 

Chromojom^ Configtirdiion .—Three plants were studied, induci- 
ing the typically dwarf and elodgaie specimens. All 5 showed Q 4, 
5 pairs. As pointed out above iHall J4 X D^iVs Gaie)^ « Halt 
must give O 4 with the arrangement of ends possessed by both 
^Dmrs Gatf and ^Mauo; and there is a possibility that ^ H&U J4 
must also give this configuration. Which of these complexes was 
present m the 3 plants studied^ or whether both were represented, 
cannot be determined. 

1931:83 0/. X "A/offo"') (i 93[;67, pi. 7X 1931:5, 

pL 10 [fi prs,I). 

Seed germination 26 per cent (loo seed); 17 plants transferred 
to field. 

Plants low, mostly lacking central shoots, the rosette branches 
spreading widely, thus resembling in habit. The influence 

of Mono was seen in particular in the flat, thickish leaves, varying 
in width, and having reddish midribs and appressed marginal hairs. 
In having long, delicate, somewhat bowed sepal tips, they showed 
the Hall j4 influence. Other external characters of the hybrids 
were typical of both parents. 

ChrQW-osofftf CofijSflirtfijflfi*—The il/owo plant used as parent in 
this cross had 7 pairs of normal chromosomes, plus an extra pair of 
half-sized chromosomes. One would expect therefore that the hy¬ 
brids would have 14 normal ehromosomc$ and a single baif-sized 
chromosome. In common with most other crosses so far made 
using ^his extra-chromosome A/nflo plants however, the hybrids have 
uniformly shown 1 extra half-sized chromosomes. Four plants of 
this particular cross were exannined, and all showed O 4t 6 pairs, one 
of the pairs being composed of half-sized chromosomes. 

Since the normal chronioaomes of Afofio have the same end 
arrangement as the chromosomes of A/a/fo, it is to be expected that 
at least the alpha complex of Halt S4 would show G 4 with A/aiio, 
and there is the possibility that & flail J4 also gives the same eon- 


OENCyrHERAS FROM CALIFORNIA 


375 


figuration. Whether « or ^ Halt 34, or both, are represented in the 
4 plants examined cannot be determined. 

1932:58 Ot, X *^Denrs Csu‘') (1931:^. pl- 8 (© +) X 

1931:1, pi. 7). . t f j 

Seed germination 52 per cent (100 seed){ 30 plants transierreu 
to field. Plants up to 1 m. in height, mostly without central shoots, 
and with erect rosette branches. 

The Ueujt and Dtvii's Gate parents differed chiefly in the amount 
of coloration of stems, bracts and cones, the Htusi plant having less 
coloration on the stems, but somewhat more on bracts and cones 
than the DetiVs Gate plant. The hybrids showed variation in stem 
color, the DeviFs Cate parent having been heleroEygous for this 
character; and also presented varying amounts of cone and bract 
color, for which character both parents were probably heterozygous. 
Apart from these differences, the parent plants were quite similar, 
and their characters w'ere reproduced in the hybrids. 

Chromasoiite Con^guTotionj .— ^The Heusi plant used in this cross 
had G 4, S pairs. Three P| plants were examined. Two of them 
{8 HeuSi. ^DeviFs Gate) showed Q 4, 5 pairs; one plant {aHeusi, 
*'DeviFi Gate) had 7 pairs. 


1932:62 Oe. (“//raji” X ‘^Hall 21") {r 93 i: 69 . pl- S (0 4) X I 93 i- 
65, pl. 6). 

Seed germination 74 cent {35 seed); 15 plants transferred to 


field, 6 of which remained as rosettes. 

Plants resembled Rail 21 in habit, and in most characters not 
shared by the parents, but with more prolific branching, less com¬ 
pact, though still quite Hatl-Iike infloreacences. and appressed mar¬ 
ginal hairs. Ill-defined variation was observed in w'idlh and crink¬ 
ling of leaves (as seen tn other Hail 2i hybrids). Rather clear-cut 
segregation was seen in bract and cone color, as observed In both 
parent cultures (4 with little color, 5 with strong color). 

Cheamosovte Cotijigufatiofift —^The Retift parent had 0 4 t 5 psir®, 
the Rail 21 parent had 7 pairs. Of 3 Fi plants examined, 2 plants 
(ft Reusi.'^Rall 21) had 7 pairs, and 1 plant (fi Reusi,*Rail 2t) had 
0 4, 5 pairs. 


1932:59 Oe, rReuR" X JO”) (193^:69, ph 9 (O 4. O 4) X 

1931:66, pl. I). j, , f j 

Seed germination 84 P^r cent (too seed); 30 plants transterred 

to field. 

A different plant of ReuR was used in this cross from that used 
in the 2 previous crosses, differing principally in the possession^of 
more slender buds and deeper cone and bract color. The hybrids 
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membled Halt 30 ia habit (140 cm. high), and had floral tips of 
the iiail JO type* though somew hat more open. The culture showed 
ccp pigmentation of bract and cone, like the female parent, and 
considerable reddening of the stem. All plants showed marginal 
coloration of the leaves, although in varying degree, and there was 
considerable variation in other foliage characters, although on the 
whole, they tended to resemble the Hail 30 parent. A clear-cut 
segreption in marginal hair position was found (te appressed, is 
erect) showing that the parent had been heterozygous foJ 
this character. In other particulars, the hybrids were uniform, and 
m agreement with both parents. 

Chtt^masame Confisuratims.—Thi Hall 10 parent had © 4 its 
genoms bmng designated a and & Halt 3a; the ihasi parent had 
" used in other crosses by having an 

IT £ cipMfi of producing 

ftu? ? * with 4 different arrangements of ends. Sis plants were 
studied, and 3 different configurations noted. One plant had Q 4 
2 OM- 3 pairs; and i plants had O 4, © 6, 2 
S hatcan be .^'^^urations were to be expected in view of 

Tn the determined w^h respect to the arrangements of ends 

(I93r:6,,pl., (. Os 4) X 
to fie^d!" P" ««d); 50 plants transferred 

»ith T /W, o 4 , o 6; with S nlLi i; A O i’ 

p.™(ip.pu^,,). t-plwS-y,!-);- 
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configurations not listed above, suggest the possibility that/J Hall $4 
also gives these con figurations with certain of the Hiasi genoms, 


1932:57 Oe. (“ 7 /rMJt” X “Afafra”) (1931:69, pi. 8 (O 4) X 1931^ 
4, pi. 15). 

Seed germination 42 per cent (too seed); 30 plants transferred 
to field, of which 27 bloomed. 

Plants low, showing the distinction into dwarf and elongate 
types characteristic of hybrids of Matto* Apart from this distlnC' 
lion, and an ill-defined variation in breadth and crinkling of leaves, 
the plants were uniform, with little stem color except at the tips, 
with red papillae, strong bract and cone color, buds intermediate 


In shape, and long fruits. 

Chromosoine Conjiguraiiont . — Three plants were examined- Two 
had 7 pairs (a Heusi the third had O 4 (p //fun 

These arc the only configurations normally possible in this cross, 
and were predictable on the basis of other information with regard 


to the composition of /fruji. 


1932:56 Oa X “A/ono”) (1931:^. Pl- 9 {O 4 - O 4 ) X 

1931:5, pL 6 IG 4 l)- ^ . 

Seed germination 89 per cent (lOO seed); 29 plants transferred 
to field- 

Plants up to go cm. tall, resembling Mono in most particulars, 
and especially in habit, and in delicacy of stems, strong development 
of stem, bract and cone coloration, color of midribs and leaf margins, 
and character of flowering tip. Some variation in leaf breadth, 
amount of crinkling and intensity of marginal color was obsen'ed, 
Chromotom^ ConfigUTaiiont .—The plant of Mono used in this 
cross had 0 4, 5 pairs. It is probable that one of its genomS 
(a Afono) was identical In segmental arrangement with the genom 
produced by the one of its sibs rehich had 7 pairs of normal chromo¬ 
somes, plus a pair of diminutives (except for the absence of extra 
chromosomes). In this case, its segmental arrangement would be 
the same as that of ^MatfOj Oatt, etc., and the configura¬ 

tions which it should give with the various genoms of Iffuji would 
be as follows: ft AfruJi.o Mono = 7 pairs; ^ Heusi.a Mono =64; 
y H^ufi.a Mono = O 4, 0 4:5 //ru/i.ft Mono =0 4 - The con¬ 
figurations which Heiisi would give with d Mono are unknown, inas¬ 
much as the composition of /S Mono has not been determined. There 
is at least a possibility, however, thatiJ.l/ono would give certain of 
the above configurations with Ilettri, 

Ten plants were examined; one had 7 pairs, 3 had 0 4, and 6 had 
0 4, O 4. The preponderance of O 4, O 4 and O 4 suggests that 
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some of the genome of iitast j'ield these configurations with Mono, 
which IS therefore represented among the plants examined. 

1931:16 Of. {hobkenX^'Jokanstn^’) (1930:9, pL S X 1930:10, 
pL 3). 

field^**^"” *^**”^” seed); 13 plants transferred to 

. flight without central shoots. They resembled 

so fri in foliage characters, the leaves being narrow, flat, and dark 
grey-green; m color of bracts; in shape of the floral tips. They 
were intermediate between the parents in stem color, in cone color 
and m bud shape. Pigmentation of the midribs was lacking, as in 
‘*u ssneral, the appearance was that of a robust kcokeri 

with lighter anthocj'an pigmentation and longer, more slender buds. 

'Tlifee plants were examined eyto- 
logically, all of which had O 4, J pairs. ^ 

8) ^ (1930:10, pL 6X1930:9, 

:o 6di P" (so rail): IJ pl,„B 

Thi» culture w«i in evecr w*y idcntiul trith its reciprocal 

. 93 a:sa Or. (■Wu,™»X“Z.,r,rrCu,0 (.9,.:+, pL rsX 

to Sd^o'r'llSlTio" '“fl: 3 ° P'“"« trantfcrred 

to neJd) 01 which lo remained as rosettes. 

^ Plants showed segregation in respect to erowth haKii- tin.a» 

Th^ dffflro‘ k'’ “ 73 '"■> ‘3 'lonsate pU„t. (up ro I I's cb ) 

The differences between these were identical with those previously 
described Apart from this distinction, the plants were 
whole uniform and intermediate between the pa^rents. 

>11 cf 

1932:55^0,. (igjtt,, pi. ,s X !93itj9. pi. 

ro IWd!' >7 P>r ecu, (™ Mcd); .8 pl.mr tccfcrrcd 

o;truVc7.r« 3 tt r°'.' 

were appressed in all. There were 7 dwarfs ' V 
gate plants (90 cm.) (Figs. 7, 8). ' 
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Fioa. 7, S. Otnoiktra (“Mltw" X hoolseri), ihowing «*«fatEtra into dwiff (Fig- ?) 

ind clongiW CFIg. 8] typM. 


ChTumosQtni ConAguratinn .—^Three plants were examintd, and 
all showed G 4i S 


1932:5+ Oe, {“MaUa"X pl* !SX 1931 = 5 . pl- 

10 IS pairs]). , r 4 

Seed germitiation 77 pet cent (loa seed); 30 plants transterred 

to field, of which 3 remained as rosettes. ^ 

The chief differences between the parents were matters of growth 
form, and of bud shape and hairiness. Most plants had central 
shoots. The dwarfs (iz plants, height 45 cm.) closely resemhled 
Mateo; the elongate plants (15 plants, height 85 cm.) were cImc to 
Mono in appearance, Buds were intermediate in shape and ham- 
ness. Other characters were common to the parents. 

Ckfomosome Configuration. —Two plants were examined. Both 
had 7 pairs of normal chromosomes, plus one extra patV of half-sized 
chromosomes, thus fully resembling the pollen parent (cp. pp. 37a 


ind 374). 

[933:2[ Oe. (“A/tmo” X "A/affo”) (1931 = Si pl- P^irs) X 

1931 :4, pl. 15). 

Seed germination 83 per cent (loo seed); 30 plants transferred 
to field. 
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This culture resembled in every way its reciprocal, there being 
17 plants of the elongate type and 8 of the dwarf. The other j; 
plants remained as rosettes. 

CArofneiomr Configurations, —An interesting cytological situa¬ 
tion was found in this culture. Three plants were examined. One 
of these showed consistently 7 pairs of normal chromosomes and 
one pair of diminutive chromosomes. A second plant had 8 pairs 
(7 normal, 1 diminulk'e) in one bud, but 7 pairs minus the diminu¬ 
tives in another bud. The third plant showed in different loculi 
of the same bud a variation, some loculi having 7 pairs of normal 
chromosomes without diminutives, some having one small chromo¬ 
some, and others having a pair of small chromosomes. It is clear 
that, ivere it not for the extra diminutives in the Mono parent, the 
configurations of all plants in this Ft would have been 7 pairs, 

1933:22 Or. (“Afono” X hooktri) (1931:5, pi. 6 (© 4) X i9Ji:57, 
pi. 12). 

Seed germination 63 per cent (too seed): 30 plants transferred 
to held. 

Plants 90 cm. high, without central shoots, and with w'idely 
spreading laterals. In general appearance, the plants were hookeri- 
like. The leaves, however, were somewhat broader than those of 
koakeri^ and had appressed marginal hairs; moreover, the flowering 
tips were somewhat narrower thao those of hanieri, and the buds 
had somewhat longer sepal teeth, tending to bulge in the middle. 
Other external features of the hybrids ivere characteristic of both 
parents. 

Chromosomf Configuratioji—\\l 3 plants examined showed 0 4, 
5 pairs. It IS not likely that both of the eod arrangements fouod 
in the A/oas parent are represented among these plants, for the 
chances of a and ^ Mona having arrangements which will give G 4 
with each other, at the same time that both give Q 4 with ‘Aoojteri 
are enormously small. In fact, the only conditions under which 
these configurations will all be realizable are where the same 2 
chromosomes, but different ends, are involved in the interchanges 
producing and Mono; r.g., if ^hookeri has 7-8 9* 10, and a Mono 
has 7-10 9-S, then § Mono has 7-9 10-S. No other type of inter¬ 
change will give a triangle of end arrangements, each of which gives 
G 4 with each of the others. 

1933:^3 Of, (“.Vofla” X ''Johansm”) (,931:5, pi. ,0 (8 pairs) X 
1931: 2, pL 9). 

Seed germination 99 per cent (100 seed); 30 pUnts transferred 
to field. 

Plants no cm high, mostly without central shoots, the rosette 
branches erect and numerous. In general appearance, the plants 
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were like Jakansen, but were more vigorous, K^d darker forage; 
appressed marginal hairs, pinkish midribs narrower more cyhndn- 
cal floral tips, and were intermediate m bud shape and m the amount 
of pigmcnlation of stems, bracts and buds. 

Chromasomf Conjigu«<f«Jm-Eight plants were examined cyt^ 
logically. All had 8 pairs (7 pairs of normal chromosomes, and on* 
extra pair of diminutive chromosomes). 

C. Fi Hybrids Birtwten CaHJornia Races and Races from Out¬ 
side California 

A number of hybrids involving on the one hand hmkeri and 
franciscana, and on the other hand races from outs.de Cahfornia 
have been previously described by various authors and will not be 
discussed here. The chromosome 

however, are listed, together with those of the hybrids desenbed m 

(«93c: i8.pt 1X1930: 

Seed germination loo per cent (50 seed); 15 plants transferred 
to field. There were 1+ with the composition 
and I metadine with the composition ptiaefumnr- Dalton. 

excfltens.^Dalton—Vl^nli showed the influence of 
habit being bushy, with strong central shoots (i m. high) and sub- 
erect rosette brauLes, ExceiUns was also in evidence in the follow¬ 
ing features: crinkling of leaves, red flecks on young rosette leases 
red midribs, green leaf margins, appressed marginal hairs, 
flowers short styles and short fruits. The influence of ^Dalton was 
Len [n rnarrowing of the leaves and floral tips (in both respects 
intertnediate between parents), in the presence of red papillae and 
greatly enlarged hair bases on bud-cones On the whole, ^ 

etice of exeellenr was predominant, with >^Dalton modifying it in y 

^ ^^funttXnsyi>aiioa.—Punctuhns was equally dominant m its 

effect on the hybrid, asserting itself in the strict habit 
and slender I120 cm ], with central shoots and numerous erect ro¬ 
sette branches); thickened greylsH-grcen stems with 
color, and with the long hairs (and consequently the red 
reduced in number and siae; light greyish-greeti ^ 7 ,L„ 

leaves- stout, thick-wallcd buds, shortened styles; reduced flower 
sl^nd greyish fruits. The presence of ^Dalton was best shown 
by ihe sli^reddening of the stem, and the horizontal position of 
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TAB 1 .E 1 

Chiiouo$phk CoTfricunATioss or Fi Hvbhip? Between CAuraiLViA Races 
Rac&s from Oin^iJJE CaHF01,via 


Crg»H^ 

Comidcx-oonibinal wa 

C biTJ (ri<>PO t 

^^ntV X Aosifri.. K * . 

oilfKans.^kQ&h 

0 14 (Gctand, 


rukms . 

0 lo (Gcbiid^ 191S) 

f^jfsT^'iMiuw X ........ 

fXtiUfHJ.'^DdL 

7 p^in 

(3 pi*.) 


pu nctvians . {mfts- 




iUnf) 

0 li 

(I pi.) 

tAiirdfiHimjLf X D/vitj Osif. ,, * + 

i?e€tUfnj,^Di^^ C. 

7 p»in 

(3 pi*.) 

cAuagjttfnsii X ho&inri^ + + «.. + ^ 


0 4 iRemner 3 c Oeltnd 



tM 3 ) 


cMwagifunttJ X J^hanifn. . -.. * ^ 

excHSpni. ^Jok. 

7 pAin 

(3 ph.) 

i 4 ?iktritii X __ 

eufiiins.^h? 6 k. 

0 10 

(3 pl*.) 



0 4 . 0 ^ 

(I pi.) 

ieikrr^ili X J^jhansm r, ^ r,, r.,, 

cur tints r^/tfL 

0 4, 0 6 

(i pi*.) 

D^ton X f-iamankiat\i^ . 

^ 3 aIi.Evlani 

06 

(2 pU.) 


^Dali . gaudrns 

© 10 

(i p(*0 

Gate X gFajtdtfior&. . , 

tfv ncsnj- 

0 1+ 

(1 pU 

D^nl^S Gaiit X r^dmajckian^i .... 


06 

(l pi.) 


^•DfVrG.iaudrnj 

r 

(I pio 

franciffana M S X t^ckffrlH .. 

^/ranc^rSQKgani 

J ©*4 

(Emei^n 



& Siurtevaot 191 [) 

/MWnVfdHd F. X r^amarfk, ,, 

VfdMf.w/flTU 

0 4 (Clelflnd^ 1932) 

frencueana SA. X rdamank^^ ^, 

^/rane.Vrtaru 

0 4 (OeCandj 1932} 

grandifioia X ... 

Oiurnj .^Dalh 

04 

(3 pl*-) 


truncanr^^DaiL 

0 14 

(l pif .) 

P'andifiora X DmTs Cm^ ...... 

an*rns. ^Aw-C. 

04 

(j plj.) 



0 [4 

(2 pis.) 

irandifiorit X /rdflf drF. 


2 Of 4 

(2 pis.) 


iruneant.^Jranr. 

0 r* 

(1 Pk A 

£fd^tdifi^yr^t X Ad^jt^i,, .. .. 

fbtUrns y 

2 0f 4 (Clt^Dd 5c 



Ochlkcn 1929) 


irumanj .^kook. 

0 14 (CtclAnd &. OcliU 



kcrs ioiq) 

^randifiora X J&kanirn ......... 

aritfnj*^/eA, 

04 

Cj pli^} 


tfumani^^jok. j 

0 14 

h Pl»^) 

Hall JIO X r-tomarfkiana. ...... 

jo.ixfani 

06 

U pt .) 


a Hail ju.ftf/aTij 

! 0 4 

{4 pli^) 

HaU JO X ffdiiitjferri. ^ ^ . 

n Or/J lindi 

0 14 

C; pli.) 

//fiLFi (0 4) X ^ 4 indifiQra. .... * 

a Hfust.ofufns 

04 

(1 pL) 



7 p^irs 

ti pM 


a Or litJUli^iru niAm 

0 t 4 

{% plf.) 
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CfOB 4 

Co tn pkn™Tid 5 fcontJflii 

HeUM (0 4) X r-/flmarf 

afl^Lpflans 
§ HemLpilans 


ChTD4iij(>»nK‘*^i?n|VguJ»tioa 

G & (i pL) 

0 4,06 (I pi) 


hookfri X Mc^stiunnt.. 

hopini X , 

kooiiri X grandifiors .,. 

Aooit/ri X 

hoo^i'ri X , * * 


M£K!it.;pBffr/id'aPU 

^kaok.fim^Kj 


0 to (.Renner k Cle- 
ia.[id 1933) 

© 4 pOS tipl) 

2 0i4|Clctind Ic 
Ochtkert 1929) 

0 14 (Ctcland k OeM- 
kers 1929} 

0 4 (Ckl^nd k. BSakes- 
Ice 19JI) 

0 4 (Cleland k Bbkc^^ 

]«193 0 


/okensfn X fftaViTfjWnJt/. 
Johansen X grandifiora . , + 
Johansen X f-^amattkiana 


*Jok^ptincluian^ 
^Ji?hjru ntanj 

gattdw^ ^DalL 
sftans 

oeians^^Jran€^ 
gavdens . ^franc. 
veltAi ..^kaQk- 

gattd^nj^^kook. 

Oflans.^Joh. 
gaudnts . ^Jph. 

^A/dlrCf) + 


O 11 (1 pl) 

0 14 {2 pis.) 

0 6 (a pU.) 

0 6 (1 pli J 

0 10 (iplflJ 

0 6 (1 pi) 

O 10 (3 pi*o 

0 4 (Cleljind l9Ji} 

0 10 (CleUnd I91^) 

0 4 (Qeland k Bbkc^ 

Ice 1931) 

0 io{Clcland&Blaki- 

Im 1931) 

0 6 {i pk.) 

0 10 {3 pli.) 

0 g (i pile) 


rnfdmdrfX Dailt^n . + 

r-fenttOfckiaTid X DesnF / ^ 

r^dwef^^jtidrw X fram^eanadeF. 
r-iaMari:lttana X . ..... 

X J^hansfn ►, ^ . 

Mmo (pi. 4 ) X shtdlian^. 


fffUFvdi^ X Dalton^ 

murUata X Gatf. *.. 

mufUflta 

mufUaJa X friindseana SL. 


mttricaia X kookfri. 


murii^a X jQkansen 


fig^.^DalL 

eatvam {mtiatlifu) 

rigens. ^DtV.O* 

rtirmm/^Vrfliw. ijrmadinr) 
rigm^^kaok. 

curEitnJ. (nwifitf/w) 

rigtni.*^Jak. 

irufvans {mfiaeUm) 


O a (a pli J 

0 4, 0 & (I pL) 

O S C+ pliv) 

© 6 (Ocland 193^) 
© 6 (Clelaad T93J) 

0 6p © 8 (CleUridj 
(1931) 

0 6(aelaad* 1931) 
0 6p 0 8 tClelaad, 


0 W Il 3 pi*'. 

0 4,08 £ipl) 


twMtf X kook^. 


psihens^ ^hoakn 


0 12 (Stinnevatit 

iwO 
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TABLE 3— Ccntinufi^ 


Croit 

C 4 oil mb i cm 11 ^ n 

C 1 1 

X tpL ic]-... 

pithnj.exor^ MalfO 

Oii 

(4 pi*‘) 

cakitiuM X (pL lo)., *. * 

aceiieranf.a gt & .\fa!io 

0 [1 

(4 pi»-) 

X (f prs-),.-,.. 


0 3 

pri.{a pl *0 

Qifirjtaf X Jithanif^n . i * . ^ - 

I /orcifliv. ^Jokanm 

0 s 

(3 pl*') 

X durarj** 

jKg/tnj . fd-^franet^ 

0 1C (SturtcT 9 iit 

ffltfl) . . ..... r, . , 


193 0 


shuUutna X Matio (pi. 10). . . .. . 

Jiiitnj.a or 3 

0 12 

(1 pI-J 



0 10 

(1 pl-i 


maetdanj-Aoi ^ MiUm 

0 10 

(j pit.) 

jviistoifni X DaiiQn ^. p.. 

fiIin£anj..^Ds!l. 

0 t 3 

(spi-.) 



10*4 

(* pl^-) 

jumoUf^ X Gale .. .,,. i 

albicans . 

0 ti 

(3 pl-.) 


JiatTfiJ .^Dep.G- 

j 0*4 

5 pi*-) 

X Jramifeana SL .,.. 

afbkans .^frunc. 

0 14 {ClcLand 193 a) 


fiavem.^franc. 

0 4 tOcEandj 1932) 

JirWoJVffJ X JakarLFen^. ... 

oBimns .^Jok. 

0 [2 

(3 pi*-) 


fiauenj.^Joh. 

1 0^4 

(3 pi*-) 


had 7 pairg, ExteUins Is thus seen to have the same arrangement 
of end aegments as that most freciiiently found in California forms. 
The pun£iuIans*^Dabo7i plant had O 13 ^ i pair. ThiS is the ei* 
pccted configuration^ inasmuch as ^xctllens.funct^lanj has 0 13 ^ 
and ^Dakon has the same end arrangement as excrUens, 

PoUrn Counis,^Dakon^ i pi.) good aio, Inactive 20, 
empty 527* Total 757^ (punciulansDalton, i pi.) good 260^ in- 
active 48, empty 1030. Total 1338. 

195! 133^ 0 ^^ {aktcaginfnsis y<. “Dtuirs (1930:18, pi. 1 X 

1930:12, pL ii). 

Seed germination 84 per cent (50 seed); 15 plants transferred 
to field. 

In habit, plants were typical fxciifaft ’R'ith tall central shoots 
(115 cm.) and rather spreading rosette branches. Exiflirnj char¬ 
acteristics Included: brilliant basal coloration of stems, slight crink¬ 
ling and absence of wa\dness in foliage, bright red midribs, red 
fiecks, broad, many-flowered floral tips, sparse and spreading pubes¬ 
cence on buds. Gati showed its influence in the presence of 

red papillae, and of splashes of red on the bud-cones. In style 
length, flower size and fruit length, the conflicting effects of the two 
compleies were more or less evenly balanced, giving intermediate 
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condltioDS. Both compleiis cortributed ifl this case green stem 
tipfi (a different plant of DfviVs Gait was used ir this cross from the 
one used to continue the race), appressed marginal hairs and broad, 

dark green leaves. . , 

ChrCMOSomt CoH^rgiirdiion.—Three plants were ciammed cytfr 
logically, and all showed 7 pairs. In view of the presence of 7 pairs 
in exceltens.’^Dahon, this was the eipecled configuration m this com- 

Count (i pi.).—Good aj i, inactive 31, empty 96^. Total 

1^24. 

1931!30 0 €. {chicaginfnjU jehansfn^*) (1930:1^8 pK 1 X 193OP 

Seed germiLtion 90 per cent (50 seed); 15 plants transferred 

Culture uniform, the complei-comblnation being excelUnj.^^Jo- 
kansen ExceiiffU contributed markedly to general habit, with cen¬ 
tral shoots (120 cm. high), and numerous suberect rosette branches. 
It also produced a deep basal stem color and clear green, somewhat 
crinkled foliage with brown flecks in the young rosettes, and a^ 
pressed marginal hairs; it caused the bracts to remain erect m the 
young tips, without flaring, and increased the number of buds found 
in a tip; it reduced the size of flowers and length of fruits. Johan 
jfn contributed red color to the stem tips, reddening of the under 
side of the bracts, a uniform, though light, pigmentation of the bud 
cones, long styles, occasional red stripes on the young fruits, and 
large leaves, including bracts. The floral tips were large, but not 
BO large as in Johanitn, and stricter. The buds were considerably 
shorter than in /oAunr^a, stouter, and had sepal tips of moderate 
length. On the lyhole, the hybrids presented a decided mosaic ol 

characters attributable to the two compleses. ... , 

Chromosome The 3 plants examined showed 7 

pairs, as was to be expected, since has the same end ar¬ 
rangement as ^Dalton and ^DeoU s Gate. »■ 1 

Pollen Count (l pi.).—Good Z58, inactive 9, empty 613. Total 

880. 

1933:45 {‘"Johansen" X fAifuiwnrir) (1930: ro, pi. 6 X 1930: 

Seed germination gz per cent {loo seed); 15 plants transferred 

^^Sture uniform, the complex-combination being * Johansen 
punetuhns. Punclvhns was responsible for the tall, rather strict 
habit (central shoots 12O cm. high); gave to stems, leaves and fruits 
a grey-hoary caste, caused narrowing and waviness of foliage, ap- 
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pressed mar^mal hairs, reduced length of hirsute pubescence on the 
buds and caused it to lie forward, and reduced petal size. *yoAflii- 
stn imparted to stems a moderate amount of pigmentation, both 
at the base and at the extreme tips; gave to the midribs a faint flush 
of color, colored leaf margins slightly in young leaves, lengthened 
bracts and gave to them a slight tinge of red underneath; imparted 
a weak pigmentation to bud-cones, and lengthened the styles. Red 
papillae were contributed by both complexes. In general, the plants 
were pvKcttilatai in habit, and in the chief foliage characters; ap¬ 
proached Jokansfti in pigmentation factors, and had flora] tips of 
an intermediate character. 

Chromot&ynt Len/giirorjcn.—The only plant examined had O li, 
I pair. This was predictable, since ^jahamen has the same seg¬ 
mental arrangement as rjccf/^enj, which gives Q with functtitam^ 

1931:39 Oe. {cQckeTeUi'K hookM) (1930:7, pi. 1 X 1930:9, pL r). 

This cross and its reciprocal were first described by de Vries 
0913)7 ^’^d Uter by Oehlkcrs {1921). In order to obtain chromo* 
some configurations, the crosses were repeated by the writer, and 
the Fi grown in 193^' Since the original descriptions were rather 
meager, and in some respects in disagreement with my findings, brief 
characterizations are given herewith. 

Seed germination 51 per cent fiOO seed); 15 plants transferred 
to field. 

Two plants were metadines 'Lhe rest were 

cunsns^^hoakgri, BothphenotypicallyandcytoIogicalJythemeta- 
clines were like their reciprocals. The formation of metadines by 
C 5 cktrflii has been reported by Oehikers in Or, {cockergUi X Jfrifori!) 
(1926). 

furrffnj-AAaflA^ri.—Culture uniform, plants 80 cm. high, with or 
without central shoots, the rosette branches spreading rather widely. 
The phenotypic effect of *Ao(jArri was modified by curtam as follows: 
basal stem coloration reduced to a minimum, leaves broadened 
slightly, midrib color reduced to a mere trace, marginal hairs ap- 
pressed; bracts made to flare widely, red pigmentation on the under¬ 
side of the bracts eliminated; buds made more slender, with longer 
sepal tips, the styles shortened until the stigma is touched by the 
anthers; flower size reduced and fruits shortened. ,Margina] color 
of the leaves, as produced by ^koakeri, was retained, and the red 
papillae and red stem tips characteristic of both complexes were 
presftrit. 

fhngaiis^^hockirL The 2 plants of this composition, resembled 
ciaclly their reciprocals {vid^ injra). 

Chromosome Configurations.— plants of curi^ns^hookfri 
had O lOj 2 pairsi one of the metadines had O 4 , O S, i pair. 
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1932:38 Oe, (hookeri X cockifflii) ([930:9, pi. 11 X 1930:7, pL 0 - 

Seed germination 95- per cent (loo seed); 15 plants transferred 
to fields 

Et&ngiins showed eertain madificatbns la the phenotypic effect 
of as follows: k caused rosette branches to lie almost pro¬ 

cumbent, reduced basal stem coloration somewhat, almost elimi¬ 
nated stem tip color; broadened leaves and imparted to them a dc^ 
gree of crinkling and waviness, appressed marginal hairs, almost 
eliminated midrib color; gave to the broadenedj wavy bracts a 
strong flare, and eliminated red pigmentation on the under side; 
lengthened sepal tips, eliminated cone color completely, shortened 
pubescence of the buds and caused k to point forward; shortened 
styles until the stigma was touched by the anthers, and reduced 
flower sisce* Marginal leaf coloration and long fruits, characteristics 
of Aoni/ri, W'ere retained. Plants bloomed late in the season. 

In comparison with €urtans^ flongans produced with ^kooktn 
longer stems, procumbent rosette branches, broader, wavier leaves; 
vras less effective in reducing basal stem color, but was able to reduce 
stem tip color, and completely eliminated cone color. It failed to 
shorten fruits, and the plants bloomed later. 

CAroma/emf Configuration .—^Two plants showed O 4 t G 1 pair, 
in agreement with their reciprocaL 

1932:44 Of. (cockirrdli K ** JokansfH^^) (1930:7, pi. ii X 1930:10, 

pi. 2 ). 

Seed germination 82 per cent (too seed); 15 plants transferred 
to fieidH 

Culture uniform, the plants 85 cm. high, mostly without central 
shoots, rosette branches erect, talL ^Jokans^n contributed light 
red stem color, light green foliage, marginal color, weak pigmentation 
on under side of bracts and on bud cones. Curtanj reduced stem, 
bract and bud coloration,, appressed marginal hairs; reduced style 
length, so that the stigma touched the anthers; reduced flower si^e 
and fruit length. Compleses were opposed in leaf breadth and 
character of floral tip, producing leaves of mtermediate width, and 
bracts which were somewhat more erect below and more flaring 
above than in Jokunj^n. Complexes were in agreement in pro- 
duciug red papillae and apical stem coloration. 

Ckramojam^ ConfiguraHon .—Three plants showed G 4 i O 6, 3 
pairs. 

1931^41 Oe, X grandifiota) (1930:14, pL 2 X 1930:16, 

pi- 2)- 

Seed germination 97.5 per cent (So seed); 29 plants transferred 
to field* 
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Two classes were recognisable from the beginning, one composed 
of weak and yellowish plants the other of healthy 

plants {^DahQn.tfunciins). It is evident that Daiton pbstids arc 
unable to function properly in the presence of the combined ^DaltQn 
and acii^ni genoms. 

Of the plants transferred to the fields l 6 were acuiae and 13 
truncat^^. None of the former floweredj and all but 4 died early. 
The (runc^ta^ were identical with their reciprocals (for description 
of acutaf and truncctaf^ see oeii pedigree). 

No fiiations were made from this ctiliurc. 

t93[:a4 Of. {grundifiord X (1930: 16, pi. i X 1930:11, 

pL 2). 

Seed germination 73 per cent (80 seed); jo plants transferred to 
field, of which 1 died; 17 were acutafy 12 irunc^taf* 

acufns.^Dah&n, — Jaunis influence was chiefly seen in the bushy 
habit (central shoots 120 cm., rosette branches father spreading), 
ibe relative absence of fine fcky pubescence on stems (Jong hairs 
retained), the rather broad, crinkly, lightish green leaves, with green 
margins and appressed hairs; the large erect bracts, sparse pubes¬ 
cence on bud-cofies, a ttd a b sen ce of hy pert roph i ed ha Ir-ba sea. ^Dal¬ 
ton influence was especially evident in the strong basal stem color, 
weak apical stem color and numerous red papillae. Both complejcea 
were alike in producing white midribs, bracts and buds free from 
anthocyan, slender long-tipped buds, horizontal bud pubescence, 
long styles, large flowers, long fruits* 

tmneanj*^Dalton. — Truncanr produced the following effects; 
bushy habit (j2J cm, high, rosette branches erect, short), reduction 
in number of long hairs and papiJlae on stem (feky pubescence 
retained), wavy leaves with brown flecks, slightly reddened mtd- 
ribs, green margins and appressed hairs; long flaring bracts, bud 
pubescence lying somewhat forward. ^Dalton produced a slight 
reddening of stem tips. Both complexes tended to produce the 
deep basal stem color, strong felty canesccnce on stems, narrow 
leaves, green bracts and buds, long slender buds with long sepal tips, 
long styles, large flowers, long fruits. 

1 he distinctions between acutaf and truncatnf were here very 

dear* had relatively longer, more spreading rosette branches, 

less stem color below, broader and lighter green leaves, erect bracts, 
more slender buds, with spreading and sparse pubescence, pj« dense 
appressed pubescence- 

Chromojorne Cn^tJ^gl^^^rr^aftr.—Three plants of aettenx^ Dalton 
were found to have G 4^ 5 pairs^ Two plants of truncans 
had O 14- 
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PotUn Counts, —(acuta^ i pi.) good 2 to, inactive 4, empty 40. 
Total 254. (tnincrataj ^ pi.) good 212^ inactive 5, empty 416. 
Total 633. 

I93J;42 Dalton’'X T-lamarckian^) (1930:11^ pL zX 1930: 
2, pL n)- 

Seed germination 97.5 per cent (80 seed); 30 plants transferred 
to field. Twin hybrids were present, ^Dalton,vffIans (24 plants), 
and ^Dalion.gardens (6 plants), 

^Dalton, Of la ns .—'Both complcies aided in the production of basal 
and apical stem color^ red papillae, hirsute and felty pubescence, 
white midribs, spreading bracts, glandular pubescence on buds, long 
styles and large flowers. Fclans alone was responsible for the wavi¬ 
ness of the leaves, green margins, appressed marginal hairs; red 
pigmentation on bracts and traces of red on bud cones; stout buds 
with thick sepal tips, stout fruits. ^Dalton produced narrower 
leaves than is usual in tfdut^naf^ and the frequent occurrence of 
enlarged hair bases on buds. 

^Dahon.gattdsns .—The effect of gaudens was pre-eminent. Gau~ 
dens effects were: nearly complete absence of basal stem coloration, 
absence of fine pubescence on stems; broad, clear green, crinkled 
and wavy leaves, with white midribs, brown fiecks, green margins 
and appressed marginal hairs; large wavy bracts, forming loose 
floral tips; buds sparsely hairy, fruits shortp ^Dahon influence was 
seen in the slight traces of red coloration at stem tips, the red papil¬ 
lae, and enlarged hair bases on buds. Both comple^ces were in¬ 
volved in the absence of aDthocyan on bracts and cones, in the 
presence of long slender buds with long, delicate sepal tips, of long 
styles and large flowers. 

Chromosome Confignranons .—Two plants of ^Dalion.velans had 
© 6, 4 pairs. Tw^o plants of ^Dalton..gaudens had O 10, 2 pairs. 

Pollen Count (velutina, [ p].),—^ood 252^ inactive 0, empty 115. 
Total 367. 

1931:34 Oe. {r-iamarckiana X **Dahon^*} (1930:2, pL 13 K 1930: 
li, pLa). 

Seed prminatioii 32 per cent (150 seed); 15 plants transferred 
to field, including 6 velutinae and 9 Ueiae, In all respects these 
plants resembled their reciprocals (vide supra), even to the color of 
the foliage. 

Chromosome Configurations,—In. agreement with their recipro¬ 
cals, 2 oeluHnae showed Q 6,4 pairs, and 3 laetae gave 0 lo, 2 pairs. 

Pollen Count (laeta, 1 pi.),—Good 234, inactive 12, empty 302, 
Total 53 8* 
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1931:40 Oe. Daltan'” X svoTfolfw) (1930: tt^ pL iX 1930:15, 
pl- IS). 

Seed gertninatioR 9S per cent (50 seed). 

All plants were more or less chlorottc, only one surviving the 
season, and this failing to bloom. These plants had the composition 
, ’"Dallon.^aotitf. Evidently, Dalian plastids are unable to function 
adequately in the presence of a combination of the ^Dalton and 
flavent genoms. In the reclprocsj cross, this compleit-combination 
was a healthy green, 

1931; 14 Of. isuaftoltnsX ‘^Dalton") (1930:15, pL 15 X 1930; 11, 
pl 2), 

Seed germination 76 per cent (80 seed); 30 plants transferred 
to field, w'hlch included 8 albsiaf and 2a Hadaf. 

jisvf ns .^Dalian. — Plants toot their habit and chief foliage char¬ 
acters mainly from fiavens^ their pigmentation characters from ^Dal¬ 
ton. Plants were bushy (l20 cm. high), with central shoots, Fia- 
vens characters were: foliage broad, dark green, flecked, slightly 
crinkled, not wavy, with green margins and appressed marginal 
hairs; pubescence of buds reduced in amount. ^Dalton characters 
were: bright red basal stem color, reddened stem tips (faint), red 
papillae, long slender buds with long sepal tips, rather long styles 
(stigma free from anthers), long slender fruits. Characters inher^ 
ited through both complejtes were: white midribs, and green bracts 
and buds. Flowers were quite large. 

tdbicans .^DahQn ,‘— Neither albicans nor tends strongly 

toward the production of central shoots, and these were entirely 
lacking. ^Dalton managed to color stems below and at tip only 
slightly, but red papillae were abundant. Characters Inherited 
through both compleies were: long narrow leaves, white midribs, 
greyish stems and foliage, green bracts and buds, long styles. Albi¬ 
cans was responsible for green leaf margins, appressed marginal 
hairs, stout buds with short sepal tips, stoutlsh and greyish fruits. 
Flowers were quite large. 

CkTornQsomt Canfiiufatians .—Two plants of patens ADalton had 
G 4 » O 4j 3 P^irs* Three plants oi albicans .^Dalian showed 0 iZ, i 
pair. 

Polltn CottBJf.—(flava, i pl.) good 234, inactive 65, empty zgg. 
Total 597* (albata, i pi.) good zoo, inactive lyz, empty 754, 
Total 1126. 

1931:48 Oe. ("fJcpiV’r Gate'* X grandijlora) (1930: tz, pl. g X 1930: 

16, pl. z). 

Seed germination 90 P^r cent (80 seed); 20 plants transferred to 
field. 
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The were weak and chlorotic. Most died as ^eediinp, 

and none survived the season. Apparently^ Z)/piTj G<ite piasttds 
are unable to function satisfactorily in the presence of the combined 
^Dirmrs C^/jr and genoms. 

The were identical with their reciprocals (for descrip¬ 

tion, see nest pedigree)* 

ChT<^mQJom€ Confi^urati^n.—Ont plant of CaU.Ifuncans 

had O 14. 

1931:25 Oc, (grandifiora X Dml^j Gate'*) (193^- ^ ^ 193 ®' 

12, pi ii). 

Seed germination 95 per cent (80 seed); 30 plants transferred 
to field (20 acutact lO 

acufns .^Devirs Gaiir . — In habit, plants were chiefly influenced 
by acuens^ being tali, with central shoots. Other acuens characters 
were: light green foliage^ erect bracts and loose floral tips. Charac¬ 
ters attributable to GaU were bright red basal stem color, 

red papillaer wavy foliage, light red midribs, irregular splotches of 
red on buds. Characters common to both compleies wem: green 
stem tips (characteristic of pL U of 1931 culture of DemFs Gaff^ 
not of pi. 9), green leaf margins, appressed marginal hairs, long 
slender buds with long tips, long styles, Urge flow'ers and long 
fruitSi 

sruncans.^Dfi^Ps Gd/r.—Influence of truncans was seen chiefly 
in habit* central shoots being present, the rosette branches being 
shorter than in aculac* Other iruncans characters included reduc¬ 
tion in number of long hairs and papillae on stems, narrow leaves, 
brown-tipped bracts, and semi-appreused bud pubescence. *DcviCs 
Gau influence was seen in patches of red on bud-cones. Both com¬ 
plexes contributed to the vivid basal stem color and green tips; to 
waviness of foliage, red color in midribs, green margins and ap- 
pressed marginal hairs; to flaring of the bracts and flatness of floral 
tips; to making buds long and slender, the styles and fruits long, 
the flowers large. 

Distinctions between acutac and truncatac were clear and un¬ 
mistakable, especially just before the onset of flowering (seep. 388). 

Chr&mosomif Configufations . — ^Three plants of acuens 
Gatf showed O 4* S 1 plants of tmncans.^Dcvirj Gate showed 

O 14. These configurations were expected* since ^Daiton^ whose 
end arrangement is the same as that of ^Det^iPs Galtj gave the same 
configurations with acuens and 

PoUrn Counts-—i^cuta, i pL) good 274, inactive 50* empty 31. 
Total 353. (truncata* 1 pi.) good 224, inactive o, empty 381. 
Total 605* 
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1931:49 Oe. GaiiT*'X F-iamankiana) (1930:12, pL 9X 

1930=^. pi 13)- 

Seed gtf:rmination 49 per cent (69 seed)j 26 plants transferred 
iq fields including 16 r^lunnct and lo latriar. 

^Devil*s Gate.vf Ian —Plants 110 cm- highj mostly with central 
shoots, bushy. Due to apparent hetefoxygosity of the DrpjTf Gate 
parent, segregation in basal stem color was found (7 strongly col¬ 
ored, 7 lightly colored). Other characters due chiefly to ^DeviPs 
Gate were: midribs rather pink^ bracts erect in young tip, giving 
compact, somewhat elongated floral tips, long fruits. Characters 
due chiefly or wholly to vdans were: bracts reddened below, bud 
cones and hypanthia quite red, buds stout, fruits stout. Both com¬ 
plexes contributed more or less equally to: general habit, presence 
of both long and felty pubescence on stems, red papillae, purplish 
stem tips, broad and crinkled leaves with green margins and ap- 
pressed marginal hairs, flaring bracts, long styles and large flowers. 

^Deuirs Gate^gandenj^ —^Plants were light green and rather sickly 
as seedlings^ Those which survived, however, outgrew this condi- 
tion* and became thriving specimens (4 plants flowered). At ma¬ 
turity, plants were typical Iwrtaf, with broad crinkled foliagej broad^ 
erect, scarcely flaring bracts wdthoul red pigmentation; and very 
long and slender buds, det^id of pigmentation and sparingly pubes- 
centn Gate expressed itself in a segregation in respect to 

basal stem color (2 plants brilliant red, 2 scarcely reddened); in the 
presence of red papillae, occasional traces of midrib color, long 
fruits. Both complexes earned inheritance for broad leaves, with 
green margins and appressed marginal hairs; long slender btids, long 
styles, large flowers. 

ChrOTfivscme Canfigufaii^nx ^—One plant of ^DetnPs Gaie.vdans 
had O 6, 4 pairs. One plant of Galt^gaudens showed O 4^ 

O S, l pair. The latter, however, is an aberrant configuration, as 
shown by the fact that all other combinations of with com¬ 

plexes having the segmental arrangement of ^DeviTs Gate have 
shown G 10 (including the reciprocal of this cross). Since G 4, 
0 S cannot be derived from O 10 by a single interchange, it is 
probable that a mistake was made in labelling, and that this result 
should be discounted. There were several other pedigrees grown 
the same year which had O 4, Q S. 

1931:35 Oe. (r-tamarfkianaX^'DfviPj Gate**) (1930:2 pi 13 X 
1930:12, pi. 9). ' 

Seed germinaiion 66 per cent ( 8 o seed); 30 plants transferred 
to field. 

There were S typical eelutinai and 14 typical iaetae. In addi- 
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lion, 8 plains (of v^hkh only 3 survived), showed various types of 
abnormality. Ore or two of these may have been con ta mi nations, 
the rest were probably zygotes with modified gene complexes. ^ 

The typical wlviinae and helae resembled exactly their recipro¬ 
cals, even to the color of the foliage. Both showed segregation in 
respect to stem coloration (3 trelittittsf bright red, 2 dull; 5 
bright, 9 dull). The laetof also showed slight variation in cone and 
bract color, + plants having traces of color (from *Z)ePi 7 V Gau), the 
remainder being green. Apart from these characters, significant 
variation w'as not found within classes. ., 

Chromojomt Cotifigurationf. —One plant of celani s Cutr 
showed O 6 , 4 pairs. Three plants of gaiiJi-iir,*£>rei 7 V Calr’ had 
G 10, 2 pairs. These configurations were expected, in view of the 
fact that combinations of ^'Dalton with vtlattf and gaud/ns gave the 

same configurations. . , 

PoUen Cowntr.—(velulina, i pi) good 274, inactive 2, empty 
J44. Total 420. (laeta, J pi.) good 290, inactive 3, empty 279 * 
Total S 72 - 


1931147 Ot. {“Dmil's Gale" X luapeoUttj) (1930:12, pi. 9 X 1930: 

Seed ^germination 92 per cent (50 seed). All plants were chlo¬ 
rotic and died as seedlings. Devil's Gate plastids, like those of 
Dalton, are unable to function in the presence of the combined 
and genoms. 


15 0 ^. X ^ 193^“ 

Seerifrmiiation S4 per tent (So seed); 30 transferred 

to field, of which 19 were/dM^ and it albatae. , . . • 

flavens.^Desil’f Cate. Plants bad the bushy habit charactenstic 
of fiflPfflf hvbrids, with central shoots reaching 120 cm. Addilional 
nJnens characters were: flat leaves, upright bracts m young tip, short 
style. Devil’s Cate characteristics were: red stem ^loration below 
and at tips, red papillae, traces of pink in midribs; pigment on under 
side of bracts on some plants, the cones m tbeK plants having dull 
red stripes (7 plants in 29 which bloomed); and long, slender buds 
quite hairy, with long delicate sepal tips. Both complexes earned 
inheritance for broad leaves, green leaf margins, and appressed mar- 
elnal hairs. Flowers were Intermediate m size, and.fruits had the 
length characteristic of DeoU’s Gate, together with the stoutness 

^^^^albieafis.^Devil's Gale, Since neither alhicam nor ^Devil's Gate 
has a strong tendency toward the development of central shoots, 
these were absent, or put in a belated appearance in a few cases 
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(plants 90 cm. high). Albkani suppressed basal stem color almosL 
completely^ but allowed apical stem color and red papillae; it lenglh- 
cned, narrowed and thickened the leaves, and gave to the young 
floral tips an obconical shape. It increased the diameter of the 
budsj and completely eliminated red coloration in bracts and buds. 
Both CDmpleics carried factors for greyish-green foUaget green leaf 
margins, appressed marginal hairs, spreading bracts and long styles. 
Flowers were intermediate in size. 

Ckromojomf Conjiguranens. —^Three plants of .^Onnl's 

Gate had O 4^ O 4, 3 pain; 3 plants of albuans.^Dfvirj Gaif had 
O 12, 1 pair. 

PolUn Counli^ —(flava, i pL) good 21% inactive ii, empty 304, 
Total 543. {albata, i pi.) good 217, inactive 193^ empty 987, 
Total 1397. 

1931 ; 22 0/. (gfandiftcra yC francisi^sTia (1930:16, pi. 2X 

1930:14, pL 2). 

Seed germination 75 per cent (80 seed); 3 plants grown to ma¬ 
turity {5 trnneata^^ 3 acui^ 4 r}. 

acuenj , ^francucan^ d^F. Acuens contributed largely to the gen¬ 
eral habitj the plants being tall (i m. or overjj with well developed 
central shoots. Acuens influence was also seen in the light green 
foliage, white midribs, green leaf margins, erect position of bracts 
in young floral tips, and in the slender buds with long delicate tips: 
^franciscana w'as responsible for stem coloration, both beloiv and at 
the tips, red papillae^ the rather wavy character of the foliage, red¬ 
dening of the bracts, bud cone color and dense pubescence on the 
buds. The 3 complexes agreed in producing rather broad leaves 
with appressed marginal hatrs, long styles, large flowers and long 
fruits, 

iruncans.^frmcisciina deF .—Plants W'ere typical iruncatdf in 
habit, with central shoots (no cm. high), and relaiively short, erect 
rosette branches. Further examples of truftcdUf influence were seen 
in the narrower, more wavy leaves, with reddish midribs and brown 
flecks when young; spreading and smallish bracts, giving to the 
young floral tips a flat, compact structure; and slightly stouter^ 
thicker-w ailed buds, ^franciscan^ gave to the stem tips a red color, 
and produced red papillae^ occasional traces of red on the bracts, 
and red pigmentation on the bud cones (usually seen only toward 
the end of the flowering period). Complexes were jointly respon¬ 
sible for the bright red basal stem color, appress^d marginal hairs, 
long styles and large flowers. Buds were in ter mediate in pubes¬ 
cence^ the hairs being less numerous and shorter than infrandjeana^ 

Ckromosom^ ConJiguraiio 7 L^—T\s <3 plants of ntuftu.^Jfdnciii:a7i& 
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had 0 4t G 4i 3 pairs; thr« plants of had 

O 14 - 

PclUn Coitnir.—(acuta, i pi.) good 333, Inacttve 5, empty 69, 
Total 407, (truncata, l pi.) good 3^5, inactive 17, empty 471. 
Total 813. 


i93t::a3 Oe. (grandyfota X ”yoAd^u^fl”) (19301:1^ pi. s X 193®' 

to, pi. 3>. 

Seed germination 7 S cent (80 seed); 3® plants iransfeired 
to field (16 scvt&e, n irunc&tat, i dwarf aberrant of undetermined 
composition). 

actttns yjohanstn ,—Plants lio cm. high, with strong central 
shoots, having the habit typical of scutot in general. Acutnj sup¬ 
pressed the marginal leaf color found in /sAanjen, appressed the 
marginal hairs, and caused bracts to stand erect in young floral tips, 
giving the loose tips characteristic of acutae, ^Jihanten expressed 
itself by the presence of a fairly strong red pigmentation on the 
lower half of the stems, red stem tips and red papillae; in the slight 
crinkling and wavmess of the leaies, and weak red pigmentation 
on the under side of the bracts and on bud cones. The complexes 
were in agreement in producing a light green foliage, rather broad 
leaves, long slender buds with long delicate sepal tips, long styles 
and fruitS4 and large flowers. 

One plant was variegated throughout, and a others were vane¬ 
gated in restricted regions. Of the latter, one showed yellow over 
green, the other green over yellow (see reciprocal, below). 

rrasfflnr.VsAuufJH.—Plants ca. 13® cm. high, with strong an¬ 
tral shoots, and shorter rosette branches than those of aentae The 
presence of srunc&ns was seen in the increased intensity of basal 
stem coloration, reduction in number of long stem hairs and con¬ 
sequently of red papiUae; narrower, slightly darker, somewhat wa¬ 
vier leaves than in acutae; slight traces of red color In midnbs; green 
leaf margins and appressed marginal hairs; smallish, brown-tipped 
and spreading bracts, forming flat-topped, compact floral tips; some¬ 
what thickened sepals and denser, somewhat appressed pubescence 
on cones ^Jahaniin gave to the plants their purple stem tips, red 
papillae, slightly reddeued bracts and bud cones; and cooperated 
with itUKcaits in producing long buds mih long sepal tips, long 


styles and fruits, and large flowers. 

ChroTnaio-mt Con/^Mmrtoitr.-Three plants oi ac^^ns^Johansin 
had O 4 ? pairs; 3 plants of friiafanr. ® ^+- 

PaiUn Counrr.— (acuta, I pi.) good inactive 21 , empty 37- 
Total 342. (truncata, ! pi.) good 235- inactive 6, empty 773 - 
Total [014. 
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1931:54 Of. {*'Johansfn” X (1950:10^ pL 1 X 1930" 

16* pU 2). 

Seed germinaiiod S6 ptt cent (80 seed). Mo$t of the plants 
were yellowisht oaly 4 gfcen plants appearing from 50 germinating 
seeds. The chlorotic plaats were acutaf; all died before they were 
2 months old. The green plants were trunfatae; they grew to be 
120 cm. highj and resembled esactly their reciprocals (see next pedi¬ 
gree above), 

Chroinosomr Configuraiion -—Two truncuidf showed^ like their re¬ 
ciprocals^ G 14. 

1932:72 Of. Hall X r~Iamarfkiana) (1931:66, pi. 1 X 193 ^- 
36^ ph 2). 

Seed germination 62 per cent (100 seed); 30 plants transferred 
to Beldf all tflutinof. 

Plants were ca. 125 cm. high, with tall, erect branches, some with 
. central shoots. On the whole, they approached the female parent 
in habit and general appearance, but had somewhat shorter inter- 
nodes; slightly stouter buds, and appressed marginal hairs. Apart 
from factors modifying general habit, the complexes contributed by 
the 2 parents are quite similar in their phenotypic effects. 

Ckromosomf Configuration.—Th^ Hall jO parent in this cross 
had 0 4. 5 pairsj and produced therefore 2 genoms, ot Hall 30 and 
^ Hall 30, Data from other crosses indicate that a Hal! 30 should 
give 0 4+5 pairs with vflanSj and ^ Hall 30 should give G 6 with 
vflans. Five Fi plants were examined cytologtcally; 4 of them had 
O 4, 5 pairs, and one had O 6, 4 pairs, as expected. 

1932^74 0 ^. {-Hall 30'^ X grandifiora) (1931:66, pi. c X 1931:6c, 

pi. 1). 

Seed germination 84 per cent (100 seed); 30 plants transferred 
to field. 

In early stages, no distinctions were obser^xd between ^cutae 
and tfuncataf. ^\Tien the plants were about ready for transplanting 
to the field, some began to show signs of chlorosis. This became 
pronounced as soon as the plants w-ere set out, and they succumbed 
before the end of the season. Some survived long enough, however, 
to make it clear that they were afidaf^ 

truncatof ^—Plants had the strong central shoots characteristic 
of rrwficafjj combinations (150 cm» high), and erect rosette branches. 
Owing to the presence of trun^ans, the stems were a deep red below, 
red papillae and long hairs were few, bracts were brown-tipped and 
strongly flaring above, and bud pubescence was dense and some¬ 
what appressed. The influence of Hall 30 was seen in the presence 
of reddened stem tips, red papillae, relatively long internodes, traces 
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of red on bracts and bud cones, and traces of boning of the sepal 
tips. 

ChramojOme Conjigiiralioii .—Two plants had each O 14, Which 
of the genoms of Hall j(J (a or was represented Js unknown. 

1932:71 Oe. {"Hal! jo” X svav/alent) (1931:66, pi. 1 X l 93 i'S 9 i 

pi. 7) 

Seed germination 34 per cent (100 seed). 

Since acartu and Jiacfas are so similar, it is not surprising to find 
that Hall 30 plastids react simllarljr with both complexes. Plant a 
wrere pale until set in the field j they rapidly became more chlorotic 
under the full sun, and died, none surviving beyond the end of 
July. 

1932:64 Or. (“fffujt" X graBdi)ferfl) (1931:69, pi. S (O 4) X 1931: 
pi. 1), 

Seed germination 6& per cent (loo seed); 30 plants transferred 
to field. Distinctions between scaiae and tmncataf became notice^ 
able soon after transfer to the field, because of the fact that the 
acutat became somewhat chlorotic under the lull sun (17 acutae, 
13 tfuncaiai), 

acutae .—These plants had a hard struggle, due to chlorosis; all 
but 4 succumbed before fiowering. Thus, Hfusi plastids, like those 
from mcKt California strains, are sensitive to the flfwtfnj gene com¬ 
plex, but on the whole they arc somewhat more resistant than those 
of some other races. 

Plants uniform, 80 cm. high, with central shoots. The HtKsi 
genoms contributed red papillae, purple stem tips, and slight traces 
of red pigmentation on bud cones. Acnint influence was seen most 
clearly in habit, and in the character of the floral tips. The parental 
complexes were alike in producing little stem coloration, broad, 
rather flat leaves with white midribs and appressed marginal hairs, 
slender buds with long sepal tips, large flowers and long fruits. 

tTuneatae .'—Plants 115 cm, high, with central shoots, dark green. 
Truncans Imparted bushy habit, deep pigmentation of the base of 
the stems, reduction in number of long hairs and red papillae on 
the stems, narrow, somewhat wavy dark green leaves, traces of red 
in the midribs, flaring bracts, truncate floral tips, and dense ap¬ 
pressed pubescence on the bud cones. Red papillae, reddened stem 
tips, reddened marginal teeth, and slight traces of red on bud cones 
were inherited from H^us\. Certain characters were produced 
jointly by trvticani and the Heufi genoms, namely: appressed mar¬ 
ginal hairs, slender buds with delicate sepal tips, long styles and 
fruits, large flowers. 

ckroTKOicme Conjiiurations .—Two ecutai were examined, one of 
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which had 7 pairs Heusi.atufns), the other O 4, j pairs (« Iff tut. 
fifuffij). Two trumatnf had Q 14. There is no way of knowing 
whether these two had the a or the ^ Iffufi genom. 

1932:65 Of, (“//eKfi” X r-laffiarckiana) ([931:69, pi. 8 (G 4) X 
1931 = 36. ph 2). 

Seed germination 6 per cent {100 seed); it is probable that seed 
was collected too young. Five plants transferred to field. All were 

vtlulhi&fr 

Flams like ITfuri in habit, but smaller and stockier. Foliage was 
more crlnkly-wa^y than in Hrust, and the buds were stouter, with 
shorter, blunter sepal tips. Fruits were stouter. Most of the re¬ 
maining characters of the hybrids were derived from both parents, 
including slightly reddened stems, purpk stem tips, broad leaves, 
white midribs, green margins, appressed marginai hairs, large flow¬ 
ers, pigmented bud cones, long styles. 

CArcn?!Ofeffj/ ConfiguratiQnj.^iCwa plants were examined. One 
had Q 6 (a Nruji.tdans) \ the other had O 4^ O 6 Hfrust.vflanf). 
These were the configurations expected in view of the fact that 
a Heuji is like ^Daftonj and ^ Heusi like ncufns^f in respeci to seg¬ 
mental arrangement. 

1931:55 Of. (“/fiAafu/7i” X r~lamarckiuna) (1930:10, pL 6 X 1930^ 
2 , pL 13). 

Seed germination 95 per cent (80 seed); 15 plants transferred 
to field; all plants were Fflutinof, 

FUnts 90 cm. high, stockier than J&hansfn^ robust, mostly with 
central shoots, probably due to the influence of i^flans. Apart from 
habit characters^ ^JokuftSfn and vflanj differ chiefly in genes affect¬ 
ing foliage colorp marginal hairs and bud stoutness. The plants 
were darker than Jokansfn, with appressed marginal hairs, and buds 
Somewhat stouter than m Jokdnsf^Ti^. From both parents were de¬ 
rived weak basal stem color, purple stem tips, red papillae, broad, 
rather i^avy leaves, white midribs, red bracts and buds^ large flow¬ 
ers, long styles. 

Ch rpffl osomf Canjig^uratto71. ^ wo plants were examined and both 

showed the expected configuration, namely, O 6, 4 pairs. 

193T133 Or. ir-lamarckianu X **Johan (^930; 2, pi. i X 1930^ 
10, pi !)* 

^ seed); 30 plants transferred 

to neld {ij Muitnafy 13 /tjr/ijr). 

Vfhtinat were often chlorotic. Of the 17 set out In the field 
3 died, one recovered a dark green color, and altogether 7 plants 
bloomed. These were identical in all respects with their reciprocals 
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{see above), except that on the whole they were aomewhat smaller 
and less vigorous. 

laetaf . — Plants 90 cm* high, without central shoots. They were 
typical laetae in appearance. ^J^kanun succeeded in producing the 
following effects in opposition xo^&udent; red stem tips, red papillae, 
a slight red cone coloration, and lengthened fruits. 

CkrOMMome Con/gura/iofu,—Two plants of vdens.^Jokanttn 
were examined. Both were like their reciprocals in showing O 6, 
4 pairs. Three plants of gavdeits.^Jokanati showed O lo, 2 pairs. 
This was expected since ^Jokanstn has the same segmental arrange* 
ment as ^Dolton, which gives O 10 with 

Potten Co Bn/r.—Cveiutiria, i pi.) good 31O, inactive O, empty 92. 
Total 402. (laeta, t pi.) good 253. inactive s> empty 143. Total 
400. 

1932:46 Of, Jtthanstn** X muricaia) (1930: [0, pi. 6 X 193 °* *» 

pL 9}. 

Seed germination S6 per cent (49 seed). Seedlings were entirely 
lacking in chlorophyll, and died when a few days old. Jokanrfn 
plastids are therefore unable lo function in the presence of the com¬ 
bined Johansen and curvans complexes. 


1933:24 Of. {*'Afateo” X shuiUsna) {193154. pJ- 4X1931:72. 

Seed germination 67 per cent {100 seed); 30 plants transferred 
to held. 

All plants were f'Mateo.macvlans. Some of the plants were a 
good green and exactly resembled their reciprocals. Most were 
more or less chlorotic, however, and some failed to survive the 
summer. Except for the difFLculty experienced by Mateo plastids 
in the presence of the maculans gene complex, no differences were 
noted between reciprocals (see next pedigree). 

Those plants which bloomed showed segregation with respect to 
habit, in the manner typical of Mateo hybrids. There were 7 dwarfs 
and h of the elongate type. 

Ckeomosome Configuration .—Two plants were found to have G 8, 


3 pairs. 

1933:16 Or. ijkdlianaX*‘Mateo”) (1931:72, pU 7X1931:4. 

pl. lo)* , , , 

Seed germination 93 per cent (100 seed); 30 plants transferred 
to field. There were 6 macutatae^ the rest jugatae. In both classes, 
segregation was found in respect to habit. 

iTiarafmar.—Plants 9° cm. tall (elongate type), 55 cm. {dwarf 
type); 3 plants were elongate, 3 were dwarf; the differences between 
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these types have been mentioaed previously^ Afatuians contrib¬ 
uted the following visible trails: brilliant purple basal stem colora¬ 
tion, absence of fine downy pubescence on stems, light green foliage, 
red midribs, brown flecks on young leaves; short buds, short deli¬ 
cate, somewhat spreading sepal tips; absence of gbudular pubes¬ 
cence on cone, shortened style, small floK'ers+ AlaUe contributed 
stem tip color, reddened leaf margins, slight reddening of under 
surface of bracts, fairly strong cone color, dense hirsute pubescence 
on buds. Both complexes produce red papillae, but the hybrids 
had the delicate papillae of rather than the coarse papillae 

of Afiiieo* Appressed marginal hairs are characteristic of both com¬ 
plexes. 

—Plants90 cm. tall (elongate type), 60 cm. (dwarf type); 
g plants were elongate, 15 w^ere dwarf. Jug^ns appressed the basal 
stem coloration of MaUOy reduced the number of red papillaet but 
allow^ed them to grow large; thickened foliage, and Imparted to it 
a greyish caste; almost suppressed cone color; shortened and thick¬ 
ened the buds; reduced the size of flow'crs, especially the petals; 
reduced style length somewhat, caused bud pubescence to lie for¬ 
ward. MaUo produced strongly purpled stem tips, red papillae, 
purple leaf margins^ and slight reddening of bracis and bud cones. 
Both long and short hairs were present on the buds. 

Chrom&som£ ConfistiraUQns ^^—The plant used in this cross 

was a different one from that used in the reciprocaL It had O 4, 
5 pairsj instead of the 7 pairs possessed by the other plant. It was 
consequently capable of forming 2 types of genom, one of w^hich 
was probably identical in segmental arrange me nt with that pro¬ 
duced by the other plant, the other differing from it by one seg¬ 
mental interchange. 

Aiacuiatar.—Thr^c plants were studied, and aU had Q 10, 2 
pairs. This, it wdll be noted, is a different configuration from that 
found in the reciprocal (w hich had 0 8), It differs from the latter^ 
how'ever^ by only a single interchange, and the difference is prob¬ 
ably due to the fact that these 3 plants represent the genom which 
is not identical with that possessed by the plant with 7 pairs, 

Tw|q plants were studied cytologically. One of these 
had G 12, I pair, the other had 0 10, 2 pairs. The difference 
betw'een these (a difference of one interchange) is no doubt due to 
the presence of O 4 in the AlsUi) parent. 

1931:10 Of. {murkata X^^Diihoii^^) (1930:1, pL 11X1930:11, 
pL 2). 

Seed germination 40 per cent (50 seed); 13 plants transferred 
to field. All plants but one were rigftu ^Dafmn. The one excef^^ 
tion was the metacline^ curtani.^Dalton^ 
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Plants 1 m. high, with central shoots, typical 
rtgidaf. In all cases where rig/nj and Dalton clearly differed In 
their effects upon the phenotype, rigmf dominated. 

fhrMiu.*Z>d^Wn—The single pUnt was low, without central 
shoot, a typical curvala. The influence of *Dahon upon the pheno¬ 
type was difficult to recognize, in view of the strong dominance of 
curvani characters. One branch had leaves with yellow borders, 
showing the presence of Dalton plastids in certain regions* 

Chfomofomf Configurations.—Two plants of rigfns^Dalton had 
O 8, j pairs; the single plant of ounatis Dalton had 0 8, O 4, 

Pollrn CounW.—(rigida, I pi.) good 207, inaeiive tyo, empty 
595* Total 1072, (curvata, i pi.) good 229* inactive 6, empty 621. 
Total 856. 

1931:9 Of* {mvritoia X "Dfsi/V Gait") ([930: i, pi 9 X ' 930 * 

pi n)‘ . - j 

Seed germination 48 per cent (50 seed); 15 plants transferred 

to field. . , , . I , 

*M1 plants were typical rtgidaf, i tn. high, with central shoots. 

The culture was very similar to rigins.'^Daltoftt being distinguished 
from it principally by slightly broader Leaves, somew'hat redder stem 
coloration, and occasional traces of red On bud cones, all of which 
were due to ’‘Droil’s'Gau, ^ 

Chromosome Configuration.—Four plants showed G S, 3 pairs, 
the eapected configuration in ’tncw of the configuration of ringens . 
^Dalton, 

Pollen Count (i pL).—Good 206, inactive ^ 299^ empty 304 - 
Total Sog. 

1931 ;S Oe. (murifata XMansen^^) (1930:1, pi. 9 X 193 ®: lo- 

Seed germination 62 per cent (50 seed); 15 plants transferred 

to field. Twoinclaclmes,fh™flj.V“^^™^/"’ 

—Plants over 1 m, high, with central shoots. 
They resembled the last two cultures in most particulara, but dif¬ 
fered in being a bit taller, in having slight traces of red in midribs, 
and on bracts and hypanthia, more red on the cones (although still 
weak), and longer buds. The leaves were broadish, as tn rigens * 
*DevtTs Gate, the stems scarcely reddened, as in rigens.‘'Dalton.^ 
eutvans.''Johansen.—Tho plants were typical evrvatae. The 
buds were longer than in eurvans .^Daiton, and somewhat reddened 

■ Included in iti* eatefory are unshmnlten f rale* ehewbg no ligns of digdilofi of 
itarch^ even \n the Winga- 
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on hypanthia and conea, thua ahcwing some Influence of *-Jokanftn> 
A number of brancKea ahowed chimaeral condltiona with reapect to 
plastida, indlcaiing the preacnce of Johajsstn pUarida in certairr 
reglona. 

Ckromoiome ConjiguratMTU. — ^Three plants of nitns .^'Johansfn 
showed 0 8, j pairs; one plant of eufvans.‘‘Johanstn had O 8, Q 4, 
1 pair. These were expected in a’tew of configurations reported In 
the !aat two pedigrees. 

PolUn Conntr, — (rigidaj i pi.) good 200, inactive 417. empty 
342. Total 959. (eurvata, i pi.) good 339, inactive (S, empty 425. 
Total 690. 

1933:15 Of, "Afo/fo”) (1931:73, pi. 13 X 193114, pi. 

10). 

Seed germination 97 per cent (too seed); 30 plants transferred 
to field. All were puhens.^Matto; 16 had the dwarf habit, 14 the 
tali habit, thus showing the segregatioD characteristic of Mateo 
hybrids. 

Plants with central shoots, dwarf type reaching 65 cm., tall type 
reaching 90 cm. In addition to the splitting in habit, ^Meuto influ¬ 
ence was chiefly seen in the presence of red pigment at stem tips, 
red papillae, broad leaves, occasional traces of pigment in midribs, 
and weak pigmentation of hypanthia and cones. The influence of 
fuhens was most noticeable in suppressing basal stem coloration, 
eliminating marginal color of leaves and bract coloration, in flatten¬ 
ing the floral tips, and reducing bud and flower size. On the whole, 
the dwarf plants resembled Motto, whereas the tall plants were 
rather typical of pubtns combinations. 

Ckfomosome Configuration.—TliC four plants which were exam¬ 
ined had O 12, [ pair. 

1933:19 Ot. {oakesiana'X.**Mateo") (1931:71, pi 3X1931:4, 
pi. 10). 

Seed germination 76 per cent (too seed); 15 plants transferred 
to field. Plants showed segregation into tall and dwarf types f7 
tails and 8 dwarfs). 

Plants bushy, with central shoots, the tall plants up to too cm., 
the dwarfs up to 70 cm. *‘MaUo showed itself in the presence of 
red papillae, slight traces of red at stem tips, flattish foliage, reddish 
coloration on under side of bracts, and long style. AtceUranf re¬ 
duced the amount of pigmentation on the stem, bracts and bud 
cones, prevented pigmentation of midribs, reduced the size of buds 
and petals, and narrowed the fruits. The plants were peculiar in 
having buds which were much too small to accommodate the fully 
developed style and stigma, hence the stigma was pushed out from 
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the bud a da3r or two before anthesls, and spread its lobes about 
I cm. be>"ond the sepal tips. The petals were narrow^ and occa¬ 
sionally defective^ and the stamens, which w^re long* opened only 
rarely, being almost wholly sterile* 

CArofflOJonie Citnfigumtion.—Yout plains were ei; a mined cy to- 
logicallyj ail of which had Q la, i pain 

PoIUn Count (i ph).—Good 24, shrunken w'ith contents 2, empty 
130. Total 156. 

1933:20 On (oiiimffna X **Morw”) {1931; 71, pi. j X 1931^5, pi- 
10 [S pairs])* 

Seed germination 72 per cent (too seed); 30 plants set out in 
field. 

Plants bushy, with central shoots. The heterozygous character 
of the Mono parent was evident in the lack of uniformity in Fx with 
regard to certain characters, namely, cone color (13 pink, IJ green 
or slightly pinkish); stem tip color (17 red, 13 green); height {16 
tall, average 90 cm.; 14 short, average 55 cm^), and habit (central 
shoot much exceeding rosette branches in 13, equal to branches in 
iO, shorter than branches in 5). Cone color and stem tip color were 
peculiar in showing a perfect negative correlation, a situation not 
found in the Mono parent, where both types of ooloraiion are pres¬ 
ent. Characters attributable to the ^Mon$ genom wxre: reddened 
marginal glands in leaves, slight basal reddening on stems, red 
papillae, slight reddening of bracts and cones in some plants, heavy 
glandular pubescence on buds, long styles^ Those attributable to 
a€cd^rons were w-hite midribs, dark green foliage, relative lack of 
long hairs on stems and buds, wavy bracts, greatly flattened floral 
tips, small buds, short petak^r slender fruits- In addition to cone 
color of the usual type^ all but one plant showed a peculiar red spot 
at the top of the cone, betw'cen each tw'o sepal tips. This promi¬ 
nent feature of the hybrid h not present in either parent, and may 
be due to the interaction of genes from both parents. Styles were 
long, breaking through the sepals 2 or 3 days before blooming, the 
stigma lobes being exposed precociously* Anthers were mostly 
sterile. 

CkromOTomf Configuration ,—^Two plants showed Q 12, Z pairs, 
one pair being diminutive in size. The presence of the Q 12 was 
expected in view of its presence in ookfsiana X Mateo. The pres¬ 
ence of the extra pair of diminutive chromosomes w'as in keeping 
with its presence In other crosses involving the Mono parent with 
S pairs. 

Pollen Couni (2 pis.).—^Good 339, shrunken with contents 2i^ 
empty 2300. Total 2660* 
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1933: iS Oe, (ostreae "K ** Johanstn**) (1931:7®* P^* 4 ^ 193^:^! 
pi. 9). 

Seed germination 85 per cent (too seed); 15 plants transferred 
to field. 

Planu ca, i m- tall^ most!)* mthout central Ehoots, but with 
adb-crcct rmette brartches. The presence of fascians was seen in 
gtem characters, including the light pink basal coloration and dis¬ 
tribution of apical pigment, as well as the dense hoar>" pubescence* 
Other/dj'cmnj characters were narrow leaves^ appregsed marginal 
hairSj strongly flaring bractSj strong pink coloration of pulvini and 
of bases of h^<panthia, appresged pubescence on buds^ pink-tipped 
sepal teeth, small petals. ^J^hdns^n was chiefly in evidence in the 
bright red pigmentation of the under side of the bracts, excessively 
slender buds, with long delicate sepal teeth, long styles. Both 
complexes had a part in the production of red papillae, light green 
foliage, bright red cone color. Two outsiandiug characteristics of 
fasdatts were not observed, namely, fasciaied tips and deformed or 
absent petals, A third characteristic, the Intense red coloration of 
the leaves when old, was not striking. 

Ckrowiosopii Ct>nfiguraiiQn.—Thvec plants showed Q S, 3 pairs. 

PolUn Count .—Good 400, inactive 359, empty 549. Total i lOS, 

1931113 0 ^. {suatfoi^Tis X Johans/n^^) (1930:15, pi. 15 X 1930: lo* 

pi. 6). 

Seed germination 6S per cent (80 seed); jO plants transferred 
to Held (11 aibatai-j iq jimae)* 

j?dvrnr .VeAanrrn.—Plant? i m- high, with eentral shoots, 
hans€n contributed moderate red pigmentation on the lower stems, 
red papillae, red stem tips, reddened bracts, long buds with long 
slender sepal tips, abundant pubescence on buds, traces of pigmen¬ 
tation on cones, and long slender fruits, fiax^rru flattened the 
leaves* shortened the styles, and reduced flower siste* Certain fea¬ 
tures, such as light green foliage color, broad leaves, white midribs, 
upright bracts, and slender buds, were more or less characteristic 
of both complexes. In general appearance and habit, the plants 
were rather typical Jiavaf. 

d/fiiVanr.VnAnjijffi.“Plants 90 cm. high, and, like most albata^^ 
unable to dev'^elop central shoots. Leaves narrower* longer and 
darker green than in fiatroty buds hairier, stouter, thicker-walled, 
fruits stouter. ^Johanf^n was able to impart a slight reddish tinge 
to the stems, a larger quantity of pigment to the stem tips than 
flarufy red papillae (few in number), reddened bracts and cones. 
Style was long, flowers moderate in sisse. 

Cbrnmosomf Configur^tionj .—Three showed O 4, O 4» 3 

pairs; 3 albstiie had 0 12, 1 pair* 
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FoUtn Cnunts, —(fiava, i pL) good ^56, inactive 2, empty 105. 
Total 363. (albaia, i pL) good 237, inactive 332, empty 1003, 
Total 1372. 

The reciprocal of thia cross resulted in pale green seedlings which 
soon died. 

Z), Discussion of the Bekaoior of Certain Characters Found m 

California Races 

Lack of facilities for more extensive study has made it 
impossible to grow Fjs, and hence to follow the characters 
displayed by the California races beyond the first hybrid 
generation. Nevertheless, it has been possible to learn some¬ 
thing with regard to the genetical basis of phenotypic char¬ 
acters in these forms, as follows: 

1. California races so far studied have differed from one 
another in many particulars, including habit, degree of stem 
coloration, presence of red papillae, breadth, color and flatness 
of leaves, marginal color, position of marginal hairs, midrib 
color, bract and bud-cone color, stoutness of buds, length and 
position of sepal tips, fruit size. On the other hand, they 
have shown a fair degree of similarity with respect to certain 
other features, such as the presence of relatively few buds in a 
single floTvering tip, large flowers, terminally-inserted sepal 
tips, long styles, good pollen. 

2, The behavior of certain of these characters, as far as 
this has been analyzed through studies of Fi hybrids, will 
now be discussed: 

(a) Presence or Absence of Central Shoots, —It is probable 
that many plants which failed to develop central shoots in my 
garden would not have had much difficulty if the soil had been 
richer. The consistent difference between complexes, how¬ 
ever, in this respect, when grown in my garden, shows clearly 
that hereditary differences exist, making it more difficult for 
some combinations to develop central shoots than for others. 
Those which have strong central shoots have evanescent 
rosettes, as opposed to those with no central shoots. 

Most of the California races so far analyzed have shown 
a weak tendency tow-ard central shoot production. Central 
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shoots have never been obsen'ed In Hall ^4 and Hetisi. 
They" have been formed only occasionally in most of the others. 
Only ManQ and the dwarf form of Mateo have shown any 
strong tendency toward their development, and even in 
these, individuals without central shoots have been by no 
means uncommon. California races which have long been 
known, namely, hookeTi deV. itid jrantiscana^ share the com¬ 
mon difficulty of central shoot production. 

In crosses between California races, we find no greater 
tendency toward the production of central shoots than in the 
races themselves, in spite of their greater vigor. In crosses 
with other races, the failure to produce central shoots is on 
the whole recessive to their production. Consequently, 
crosses with certain non-California complexes which have a 
strong tendency toward central shoot production, such as 
excellens, pnnctviariSj rigens, ac-uenSj truncanSy Jlavens, puhens^ 
maculani, jugens^ accelerans^ yield Fis having central shoots 
and a bushy habit. On the other hand, crosses with certain 
other complexes, like vdans, gardens, alhicanSj curtam, 
elongans and curvans, result In hybrids in which central shoots 
are frequently or generally absent. 

(^) Basal Stem Coloration and Midrib Color. —In no cases 
so far observed have California races shown the presence of R. 
In many cases, however, they have shown some tendency 
toward reddening on the upper surface of the midribs. This 
tendency has been found especially prominent In A/ono, but 
has also been strong In Maieo, and in certain plants of DeviVs 
Gate. Certain races have failed to show any trace of this 
coloration, namely, Hall Heusi, Joharisen and Dalton; and 
others have shown it but weakly. 

Correlated closely with this character is basal stem colora¬ 
tion. On the whole, it seems clear that the stronger the basal 
stem coloration, the more likely is red pigmentation to occur 
on the midribs. In other words, the midrib coloration char¬ 
acteristic of California strains, including hookeri and francis- 
eana, is a product of the gene or genes producing basal stem 
coloration. 


OEKOI'HERAS FROM CALIFORNIA 


407 


In outcrosses with complexes which do not carrj'^ factors 
for this type of pigmentation, it appears to act more or less 
in dominant fashion, stem color being intensified, and midrib 
color appearing, in many such hybrids. Thus, traces of red 
coloration are found in the midribs in such hybrid combina¬ 
tions as ‘‘Deidrs Gate^acuenSy ‘^D^sil's Gate. r-pdanSy *Z)fnTr 
Gate ,r~gaudenSy pubens^ '‘Mateo. 

At best, this type of midrib coloration is unsatisfactory for 
genetical study, since it is usually weak, and is variable in its 
appearance, often showing in only a few leaves, under con¬ 
ditions of intense illumination. As suggested by Emerson' 
(1929), multiple factors are probably Involved, 

(c) Marginal Leaf Coloration. — This is a different char¬ 
acter from that described by Renner and ascribed by him to a 
dominant gene, M. This is shown by the fact that M is 
absent in kookeri (Renner 1925, p. 135), which nevertheless 
has the marginal coloration under discussion. All of the 
California races so far studied except DeviLs Gate have shown 
this character, which consists in a reddening or purpling of 
the margins, especially in young rosette leaves, but often in 
mature leaves also. 

In all hybrids so far studied between California races, 
marginal coloration has been present, except in those which 
have bad Devil's Gate as one of the parents. Whether the 
latter has been used as male or female parent has made no 
difference—its hybrids have been consistent in failing to 
show the coloration. This seems to suggest that the colora¬ 
tion is recessive to green margins. However, hybrids between 
California r^ces and races from other regions have not always 
supported this suggestion. Thus^ while the lo hybrid com¬ 
binations involving Dahonj and the i combination involving 
franc^sc^muj aboiT described have all had green margins^ and 
thus have resembled their extra-California- parenrs^ the a 
hookeri hybrids^ as well as z hybrids of Hall jo and one of 
have had purple margins^ like their California parents^ 
and MaUo^ Heusi and Joha?iSLfn have formed about as many 
hybrids with purple margins as without (in 2 with, 2 
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without; in Hfusi^ I with^ I without; in Jokans^nf 4 with, 7 
without). In some cases, therefore, colored niargins seemed 
to act as a dominant. It is possible that inhibiting factors are 
present in some complexes and absent in others; or it may be 
that multiple factors are responsible for the greater expression 
of the character in some cases than in others. 

(i) Marginal Hair Position. — Johansent Dalton and hookeri 
have shown, in all plants studied, erect marginal hairs {i,e*^ 
hairs in the plane of the leaf surface, but perpendicular to the 
edge of the leaf); MateOt Mono^ fht^si and franciscana have 
shown appressed marginal hairs. The other California 
races have show'n segregation with respect to this character 
In the first, and In some cases, in subsequent generations 
(including C^/r, Hall 21, Hall jo, Hall 34). Erect mar^ 

ginal hairs behave in crosses as a simple Mendelian recessive, 
for which the symbol f is suggested. This character has not 
been observ^ed in any race from outside California. 

(f) Bract and Bud^one Color. —It is worthy of note that 
bud-cone coloration and the presence of red pigmentation 
on the under side of the bracts are apparently completely 
correlated—at least as far as the California races are con¬ 
cerned. The stronger the color of the sepals, the stronger the 
bract coloration, on the w'hole; when bud-cones are weakly 
colored, the bracts are also weakly colored, often showing no 
color until near the end of the season. The varjdng degrees 
in which this form of pigmentation appears in different forms 
suggests the presence of multiple factors, as postulated by 
Emerson (1929). Cones and bracts were more or less red¬ 
dened in Johansen^ GaU (very slightly), Matco^ Alono 

(segregation), (segregation), Hall jo (segregation). 

Hall j4^ Hcasi^ kooberi^ emd franciscana. They were entirely 
green In Dalton, 

if) St^ni Tip Color* All California races have shown red¬ 
dening of the stem tips except that certain plants of Hall 2/, 
Hall ^4 and Demrs Gatf have had wholly green tips. The a- 
mount of pigmentation has varied greatly in different races, and 
between different plants of a single raccp How'ever, no clear 
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correlation has been noted between stem, tip coloration and 
any other character in the plant. 

In ontcrosses, this character has been able to express itself, 
to some degree, at least, whenever inherited from one parent, 
except in the case of curvans hybrids. Carpaitj, ’^Dalion and 
curvans .^Jokanstn both had wholly green tips, even though 
the California complexes in these cases carried a factor or 
factors for purpling. In some other instances, the amount 
of pigmentation was cut down in the hybrids to a mer^ trace. 
It is probable, as Emerson suggests (1929) that more than one 
pigmentation factor is involved in the production of this 
character. 

Other characters displayed by the California races are 
already so well known that detailed comment regarding them 
is unnecessary. The characters have been listed above 
(p. 4053 in respect to which these races have shown variation, 
as well as those In which they have shown constancy. 

Discussion 

J, ExUnt of Phenotypic Diferencei Displayed by California 
Races under Garden Conditiens, and its Significance 

I. One of the chief problems confronting the student of 
species concerns the importance which should be ascribed to 
the factor of environment in species-making. When one Is 
confronted by the existence in contiguous, but ecologically 
dissimilar regions, of "what seem to be distinct geographical 
races, the problem is to determine to w'hat extent the differ¬ 
ences between such races are due simply to differences in the 
habitat, modifying the growth form, suppressing the action 
of certain genes, encouraging the activity of others; and to 
what extent they are due to actual genetical differences. To 
the extent to which their differences are due to environment, 
so that extent such divergent races should tend to lose their 
differences when brought under uniform climatic and edaphic 
conditions, as in an experimental garden. To the degree, 
however, to which their differences are due to actual genetical 
differences, to that degree should they tend to retain their 
differences, even under uniform conditions. 
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The strains described above would be considered by many 
UxoDOmists as geographical races of koohrL They were 
collected in widely varying habitats^ ranging from sandy 
sea-shores to semi-desert or alpine conditions, from seadevel 
to 9000 feet in elevation; and they were apparently very 
different from one another in many respects in the field. In 
the garden, they were, with the exception of the nearly 
identical Hall jo and 21^ quite distinct, when first 
grown, and have retained their distinctive characters from 
generation to generation. There can be no doubt, therefore, 
that many of the differences between California races are 
genetic in nature, and that the assemblage known as k^fok^rri 
includes a variety of distinct biotypes, exhibiting anything 
but uniformity of genctical composition throughout its range. 

This does not mean, however, that there may not be much 
^'^ariation in Nature which is due to the direct effect of environ¬ 
ment* and which is superimposed upon such variations aa 
are genetically induced. It should be of interest, therefore, 
not only to compare race with race under constant garden con- 
ditions, but to obtain a comparison of the behavior and degree 
of variation of each race, when grown in the garden, with its 
behavior in its natural habitat. It is hoped that such com¬ 
parisons will become possible as the field studies now being 
carried on by Dr. Alunz are completed, and that some indica¬ 
tion Will be forthcoming as to whether the external environ¬ 
ment is of any importance in the direct modification of 
structural features, and the formation of taxonomic ally 
distinct entitles. 

2. In addition to finding constant racial differences be¬ 
tween strains, variation of quite another sort has been found 
to be veiy' common wdthin California races, namely, segrega¬ 
tion with respect to a number of characters, for w^hich these 
races are evidently heterozygous* This segregation, together 
with, the fact that different segmental arrangements are to be 
found in their genoms (vide infra), suggests that hybridization 
between distinct types has played a considerable role in the 
process which has produced the California Onagras as they 
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are todaj% This h quite in Hue with e^cpectationSj since the 
California forms are all large-flowered, open-pollinated forms, 
and cross eastif with each other- 

The phenotypic differences, therefore, seen under uniform 
garden conditions, arc of two types: there are the constant 
racial differences, which indicate that distinct biolypes exist 
within the California assemblage; and in addition, there are 
the frequent differences in individual characters within races, 
due to heterosEygosily, which suggest that inter^racial crossing 
has been a prominent factor in the phylogenetic history of the 
group. 

B. Cyto-g^n^tic B^kainor of California Races 

One of the most striking results of the present study has 
been the discovery that the California group as a whole be¬ 
haves from the cyto-genetic standpoint quite differently 
in many respects from races from other regions. Up to the 
present time, kookeri and franciscana have constituted almost 
the only exceptions to the rule that wild races of Onagra are 
* * complex-hete ro^y gote s/ ^ high I y h eterozy gou s for ms, 

with their genes associated for the moat part within a single 
linkage group, breeding true by reason of balanced lethals 
in this group, and showing in consequence of the presence of 
these lethals a high degree of gametic or zygotic sterility^ 
Now it becomes apparent that hookcri and franciscana were 
but the first known exemplars of a type of genetic behavior 
which apparently characterizes the California area as a whole. 

The California races differ as a unit from races from other 
regions in the following chief particulars, as evidenced by the 
data presented in the descriptive portion! of this paper: 

I. They give no evidence of the presence of lethal factors, 
either balanced or unbalanced. They all show high pollen 
fertility, as well as high seed germination (table l), and the 
number of abortive ovules in their capsules U extremely low 
or entirely absent. In showing this combination of high 
pollen fertility and high seed germination, the California 
races differ greatly from races obtained from other regions* 
Furthermore, they give identical progenies when used recipro- 
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cally in crosses with other races. There are thus present 
none of the external phenomena which usually accompany 
and are caused by the presence of lethals, whether pollen 
or zygotic. 

2. Three of the 11 strains have shown no indication what^ 
ever of the presence of heterozygous genes {kookeri, Jrancis- 
cana, Johansen), and in this respect are in strong contrast 
with the complex-heterozygotes of other areas.* The other 
strains have shown some indication of heterozygosity, slight 
in some cases, considerable in others. On the whole, however^ 
they are probably much less heterozygous than the complei- 
heterozygotes from other regions. 

3. Unlike com pi ex-heterozygotes, the California forms 
have given no indication that their genes are for the most part 
associated into a single linkage group. On the contrary, inde¬ 
pendence of splitting has characterized those forms which 
possess heterozygous genes, thus indicating the presence of 
separate linkage groups. “Complexes” in the sense In which 
this term is used by Renner, therefore, are absent in the Cali¬ 
fornia forms, i,e., these forms do not possess genoms which are 
passed on from generation to generation intact, in which 
independent assortment is completely or almost completely 
suppressed. In this, as in the foregoing respects, therefore, 
the California group is at present unique. 

4. The California forms are also peculiar among the known 
Oftagras in having a chromosome behavior in meiosis which 
shows comparatively little evidence of those unusual features 
which seem to characterize the sub-genus as a whole. As will 
be seen from table 1, paired chromosomes are the rule in 
California races. Of the 9 races recently brought under 
surveillance, a showed only paired chromosomes, and 6 
showed entirely paired chromosomes in some (often a ma¬ 
jority) of the plants. Moreover, in most of the individuals 
where circles were present, these were smalt, A total of 46 
first generation plants belonging to these 9 races were studied 

* It is bsrsly pmlbit, of courier that hQ^kffi an-d /pimr£rirdfl4i wtK in tome iligbt 
degm hetemiygmafi when tirut <ruhlvat«i| but if lo* iudi betcRwy^wity had din« 
eniLfcly [liuppcarEcL 
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cytologic ally, and these included 30 plants with all of their 
chromosomes paired (3 of these with extra chromosomal 
material), 10 plants with G 4, S pairs, and only 6 plants with 
more than 4 chromosomes involved in circles (2 Gs of 4 in 4 
plants, O 6 in t plant, and 0 8 in i plant). 

It is evident that paired chromosomes, and therefore the 
presence of independent linkage groups, is characteristic of 
this assemblage. On the other hand, it is also clear that 
segmental interchanges have not been wholly lacking in the 
group, since some variation in segmental arrangement has 
been found. In other words, there is apparently nothing 
in the make-up of these plants that renders segmental inter¬ 
change inherently incapable of occurring. This being the 
case, it will be interesting to bear in mind the question as to 
why there seems to be so Httle indication of interchange in 
these forms, in comparison with forms from elsewhere (vide 
infra). 

Summing up the chief points with regard to the cyto¬ 
genetic behavior of California races, we find them to be in 
striking contrast to Onagras from other regions in the fol¬ 
lowing respects: 

(t) They show no evidence of lethals; (2) they are relatively 
(or entirely) homozygous; (3) they do not possess super- 
linkage groups; (4) and they have on the whole a chromosome 
behavior which is free from the pecuHarities usually found in 
the sub-genus. Point for point, the California races, there¬ 
fore, are characterized by an absence of those peculiarities, 
genetical and cytological, which have constituted the major 
problem of Oenothera cyto-genetics. This is no doubt a fact 
of primary phylogenetic importance. Why should Onagras 
from all other regions, so far as known, show a characteristic 
series of unusual genetical and cytological phenomena, while 
the group from California, practically alone among OnagraSf 
is free of these peculiarities? 


4H 


RALPH E. CLELAND 


C. hidUatioTts of Phylogf arlic Riflatioriship 
(a) RAatioti of the Californio races to each other 

This matter will not be discussed in the present paper from 
the phenotypic point of view, inasmuch as Judgment with 
regard to relationships based upon phenotypic resemblances 
must await a thorough taionomic analysis of the California 
assemblage. Such a study is being carried out by Dr. 
Munz. 1 wish to point out, however, the bearing upon, this 
problem of a study of the cytology of hybrids between these 
races, assuming, on the basis of arguments presented earlier 
(pp. 341-344), that the presence of a large number of paired 
chromosomes in a hybrid is indication that the genoms associa¬ 
ting to form that hybrid are closely related genetically, as well 
as similar or identical In segmental arrangement. 

A summarization of the cytological findings In hybrids 
between California races is presented in table 2. In all, the 
progenies of 33 such crosses have been studied cytologically, 
a number of them reciprocally, there having been represented 
in these progenies a total of at least 47 different combinations 
of the various segmental arrangements found In the parental 
races. A glance at the table showrs that most of these had 
paired chromosomes. Of the 47 visibly different hybrid 
combinations, 43 combinations, or 123 of the 135 pl^tits 
examined cytologically, had either nothing but paired chromo¬ 
somes (20 combinations, including 56 plants), or at the most 
a circle of 4 (33 combinations, including 67 plants)} 20 of 
the crosses involved genoms which were identical in segmental 
arrangement, 23 were betw'een genoms which differed by only 
a single segmental interchange. Even the 12 plants which 
had more than 4 chromosomes involved in circles were com¬ 
posed of genoms which were not very difFerent in their 
segmental arrangements. Eleven of them had 2 Os of 4, or 
0 6 as their configuration, so that their genoms probably 
differed by but 3 interchanges. The single remaining plant 
had 04,06, and may have been composed of genoms which 
differed by no more than 3 interchanges. 
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It is clear from this summary that the races from California 
have on the whole ideatical or nearly identical segmental 
arrangements (for the actual arrangements, see p. 426). 
On the basis of our previous argument (p, 341 most 

reasonable assumption is that this is due to their all having 
. had a relatively recent common origin—In other words, to 
their being phylogenetically close to each other, 

A study of chromosome configurations in the hybrids 
between California races, therefore, suggests that these 
races are closely related to one another, 

{b) Relation of the Caiijornia races to races from other regions 

In all, 53 crosses between California and non-California 
strains have been studied, involving 69 different combina¬ 
tions of segmental arrangements. Of these, 17 crosses {21 
combinations) have been previously reported, and 36 {48 
combinations) are presented for the first time in this paper. 
The chromosome configurations found in these 69 combina¬ 
tions have ranged all the way from 7 pairs at one end of the 
series to a circle of I4 at the other, and 12 of the 1S configura¬ 
tions which are possible in forms with 14 chromosomes have 
been found (see table 3). 

Apparently, many of the complexes resident in areas re- 
naoved from California show little evidence of close relation¬ 
ship to the complexes of the California type, judging from 
the fact that they give large circles with them. Nevertheless, 
some of these complexes have segmental arrangements which 
are essentially similar to those found in the California strains, 
and consequently give small circles or none with them. Thus, 
4 combinations between California and non-California genoms 
have shown 7 pairs, indicating identical segmental arrange¬ 
ments; 10 combinations have had © 4 j 5 pairs, the genoms 
probably differing therefore by but a single interchange; 7 
combinations have shown O 6, 4 pairs, and 5 combinations 
have had z ©$ 4, 3 pairs, or a total of 12 combinations whose 
components in all probability differ by no more than 2 inter¬ 
changes. Thus, 26 of the 69 combinations which have been 
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studied cytologicalIy were between genoms which probably 
differed by no more than i interchanges. In addition to 
these, 5 combinations had © 8 ; 2 combinations had O 4, G 6 
and one combination had 3 Os 4, The mathematical prob¬ 
abilities of the appearance of these configurations through the 
chance union of unrelated complexes are relatively slight, es¬ 
pecially in the case of 3 Os 4, and hence the chances are reta- 
tb'^ely great that the complexes forming these configurations 
were also rather closely related cytologically, actually differ¬ 
ing by the minimum number of three interchanges necessary 
to produce these configurations. A considerable proportion 
of the combinations, therefore, have shown configurations 
which indicate a more or less close relationship In segmental 
arrangement between the associated genoms. Consequently, 
on the basis of the argument set forth above, the probability 
Is strong that the complexes or genoms.involved in these com¬ 
binations are, from the geneiical standpoint also, more or 
less closely related, 1.^., that they trace back to a relatively 
recent common ancestor. 

The complexes from outside California which have thus 
shown evidence of a close relationship with the California 
type of genom are the following: Brians (from lamarrkiana), 
Javans (from rxcflifns (from ckicaginensis), acuftij 

(from grajidi^orfl), ngens (from nuTicata) and /mscians (from 
oilrfo^). Two facts at once stand out as of particular signifi¬ 
cance from the phylogenetic standpoint: 

I. Five of the 6 complexes in this list, in addition to 
*Aoo^fri dcV. and ^/raficiscdua^ have been analyzed genetically 
by Renner and his followers. It is significant that these 
complexes, which from the standpoint of segmental arrange¬ 
ment show a close affinity to the California group and to each 
other, have on the whole been found by Renner, quite inde¬ 
pendently and in advance of the findings of this paper, to be 
closely related genetically (sec Fig, 19 In Hoeppener and 
Renner 1928, p, 23), 

These complexes have been found in geographically 
widely separated regions. Three of them (pWswj, Jlawns and 
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rigens) belong to forms which were discovered in Europe, one 
was derived from Chicago {near Jackson Park), one from the 
banks of the Alabama River, near Mobile, Ala., and one from 
the vicinity of Falmouth, Mass. Tn spite of their close 
affinity, cytological and genetical, the regions In which they 
were discovered arc widely scattered. Consequently, until 
the present we have had no reason to consider that the type 
of segmental arrangement possessed by this group belonged 
to any one geographical locality more than another. It now 
appears, however, that this type of arrangement is preemi¬ 
nently characteristic of the California area. In view of the 
unliklihood that complexes with similar segmental arrange^ 
ments have had independent origins, and represent con\xr- 
gence in segmental arrangement (see p, 341 ff.), it seems logical, 
therefore, to assume that this particular type of segmental 
arrangement was originally native to the California area, 
and that it has become spread in one way or another to other 
parts of the Onagra range, so that it is now found in different 
areas (to an extent as yet undetermined), associated in all 
cases so far as known with complexes which are not of the far 
western type. W e assume as a "working hypothesis, therefore, 
that such species as lamarckiana, suawoUns^ grandi^ora, 
chicaginenjist ‘ffiitficata and ojtrtae are each made up of one 
complex which has been derived in comparatively recent 
times from the tvestern area, and one complex which Is not of 
the California type, whose derivation is as yet undetermined. 

From the phylogenetic standpoint, this is a significant 
situation. It raises two questions; (i) How have California 
components succeeded in becoming a part of species in places 
distant from California f (2) W’here have the components 
which are not of the California type come from? Is there 
any indication of relationship between them or clue to the 
region from which they have come? 

With respect to the first question, it must be said not only 
that iive know very little regarding the methods by which 
complexes of the California type have been spread to distant 
and scattered regions, but that we are not even certain how 
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many of the species containing these compleics are mdigenoys 
in the regions where they were founds and consequently we 
have almost no information regarding the geographical distri¬ 
bution of the complexes in question^ Three of these com¬ 
plexes were found originally in Europe {vflans^ rig^ns and 
itr)i where On^gr^s are known not to be indigenous. The 
origin of two of these {urians and Jiatens) cannot even be 
guessed at present, since the specks of w'hich they are a part 
have never been found in North Americaj and may never have 
existed there (they may have resulted from the crossing of 
unrelated forms, brought into juxtaposition after their intro¬ 
duction into Europe). With regard to the third complex, 
rig^nSf the situation is perhaps clearer, for muricataj^ as found 
in Europe^ is very similar to the muricatas of eastern North 
America; and since these are all small-floweredt self-pollinat- 
ing types, the probability Is that the muricatas of Europe are 
direct descendants in selfcd lines from muricatas in this 
country—that they have not been derived by hybridization 
between unrelated American forms. It is reasonable to sup¬ 
pose, therefore, that rig^ns had essentially the same associa¬ 
tion before it came to Europe that It retains in Europei and 
that its native habitat was in the eastern part of North 
America, 

When we consider the 3 extra-California, but California- 
like, complexes which have been found in this country, we are 
confronted with the fact that they have been found near 
urban centers, and hence may have been brought into these 
regions along trade routes. Excdli^ns belongs to chicagin^njis^ 
which was found by de \>ies near Jackson Park, Chicago, 
Until a cyto-taxonomic sur\^ey reveals the range of €xcdlfnj 
and excdlfiis-like complexes, we must entertain with scepti¬ 
cism the assumption that Chicago actually lies within the 
range of complexes of this type, A similar situation is found 
in the case of acu^ns, Grafidi^cra^ to which this complex 
belongs, was originally collected along the banks of the 
Alabama River, not far from Mobile. It has also been found 
in the suburbs of Mobile, where it was probably an escape 
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from gardens (see de Vries, 1914), and along the railroad near 
Castleberrj'", Ala, The possibility of artificial transportation 
to these localities must not be dismissed until evidence has 
been accumulated to show the natural range of this race. 
There is perhaps a greater chance that fasdans (in ostreaf) is 
native to the region near Falmouth, Mass., where it was found, 
in spite of the fact that this locality is close to the seacoast 
and to certain ports of entry; for ostuae is one of the murkata- 
like forms, and the muricatas are native in this general 
region. 

Summing up our knowledge of the distribution of the 
eitraXalifornia, yet California-type compleaes, the most we 
can say is that they were found in as widely separated local¬ 
ities as Europe, Chicago, Alabama and Massachusetts, and 
that there is a distinct possibility that some of them are 
indigenous in the regions where they were found. Whether 
this surmise is correct should be easy to determine, through 
the survey of Onagra now in progress. 

As to the means by which these complexes have come to 
reside at such distant points from California we have at 
present no knowledge. Wliether this distribution is to be 
ascribed to artificial transportation, or to natural migration 
remains to be discovered, Among the problems for future 
investigation, therefore, will be to ascertain the extent to 
which complexes of the California type are actually present in 
regions distant from California, and to trace the geographical 
spread and progressive modification of the California com¬ 
ponent in the wild Onagra populations of North .America, 

The second question has to do with the source of the com¬ 
plexes that are not of the California type. Is there any rela¬ 
tionship between these, or any indication of the region in which 
they have originated f 

With regard to relationships, we may say that, in addition 
to showing little affinity with complexes of the California 
^yp^! they show on the whole little relationship to one another, 

T here are some exceptions, (T.g., ritbtns (from bknnis) and 
gaudtns (from lamarckiana) are nearly identical, and curvans 
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(from muricatit), pfmirvans (from ammopkila), and Jlfct€as 
(from are very similar (Hoeppencr and Renner, 19281 

p. 33). In addition to these there are at least 3 cases in which 
a complex is shared by distinct races, viz., albicans (found in 
suapfolens and iiVnrttj), rabois (found in bienms and min- 
caitlis)^ and rigCTti (found in muricata and ammopkila). 

Alost of the non-California complexes, however, are un¬ 
related to any other known complex. Thus tingens of 
rubticau-lis, truncttits of grandifiora, piinctulans of chicagittansij, 
pingifns of cr«crflffl, curians and elongans of cockcr^lli, depn- 
mens of strigosa., jugfris of skulliana, and others, are, so far 
as known, quite unrelated to one another or to any known 
complex; and for that matter, the mbens-gaudens pair on 
the one hand, and the cuTvans-pcrciitTanj..^ectenJ group on the 
other hand, are quite unrelated to each other or to any 
other known complex. 

^\^lere did all of these different complexes come from? 
That is a question which cannot be answered as yet. One 
can think of various ways in w'hich they might have arisen— 
complexes may have been introduced from other centers of 
distribution, still to be ascertained; segmental interchanges 
and hybridization may have played their roles in transform¬ 
ing complexes, even of the California type, into entirely 
unrelated types. But until we know more of the geographical 
ranges of the different complexes or groups of complexes, we 
wilt be in no position even to guess at the truth in this regard. 
Another of the major objectives for further study will there¬ 
fore be to analyze the Onagra population as far as possible 
with regard to the ranges of the non-California components, 
as an aid to ascertaining their origins and relationships. 

(c) Conclusions 

This is about as far as we can follow the story of Onagra- 
ceous phytogeny at the present time. The work is as yet loo 
meager to give us a clear understanding of species relation¬ 
ships tn general in Onagra^ or to the way in which species have 
come to be where and what they are. As a result of the 
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fi ridings herein presented^ however^ wc have what seems to be 
a suggestion of certain of the outlines of the picture. On the 
one hand^ we see in California a homogeneous group of closely 
related forms, alethal, with paired chromosomes and a char¬ 
acteristic type of segmental arrangement. On the other hand, 
we find in other regions a plexus of forms which are almost 
unknown as yet, but which, so far as known, have with few 
exceptions, balanced lethals and large circles of chromosomes^ 
Some of the latter seem to bear no resemblance to the Cali¬ 
fornia group at all, but others are apparently combinations 
of a complex of the California type and a comple.x of an en¬ 
tirely different character. 

The outlines of the picture, so far as we can make them 
out, seem to suggest that the California area is a center whence 
forms have spread into other regions. In those other regions 
they have either (<j) crossed with races which have come from 
other centers or which represent earlier migraiions from the 
same center; or else (i) they have become profoundly altered 
by interchange with respect to at least one of their genoms, 
one genom remaining in some cases more or less unmiodified. 
Which of these alternatives will prove to be correct, or whether 
they are both partly correct remains to be determined on the 
basis of further work* 

The work which has just been reviewed is but the begin¬ 
ning of a thorough survey of Oenoth^m taxonomy and phy- 
logeny which is being carried out as a cooperative enterprise. 
The findings of this preliminary investigation make it possible 
to Include among the objectives for future work the solution 
of the following specific questions: (i) To what extent has 
the California type of complex permeated into other regions, 
and to what extent has it become modified as it has spread? 
(2) What are the relationships of complexes which are not of 
the California typef Where and in what manner have they 
arisen? The answers to these and to other questions of a 
like nature will determine the way in which species in Onagri 
are to be defined, and will help us toward an understanding 
of the nature of species in general, and of the factors vs'hich 
are responsible for their origin, spread and survival. 
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i>, SegtH/ntal Jrrangfm^nts of California Genoms 

The segmental arrangement of kook^ri de\ - has been taken 
as standard, and is written as follows (see Cleland and Blakes- 
lee 1931): 

i"Z 3'4 ^■'6 

The arrangement of exc^lUns Is (Cleland and Elakeslec 
1931): 

1.2 3-4 5-6 710 9-8 ii'ii 13*14 

Dalton, DeviCs Gate, Johansen.—These species have en¬ 
tirely paired chromosomes, and are therefore capable of pro¬ 
ducing but one type of gamete from the standpoint of seg¬ 
mental arrangement. Since ’'Dalton, ^DeciPs Gate and ’'Johan¬ 
sen all give 7 pairs w^ith excelleni they have the same segmental 
arrangement as excellens. Tltey should, therefore, give 7 
pairs with each other, and O 4 ^hookeri and ’'Jranciscana 
dcV,, which they do. 

.l/fliro.—Plant no. 15 of the original culture, which became . 
the progenitor of later generations, and also parent in most 
of the crosses involving Mateo, had 7 pairs, and therefore 
could produce but a single genom, ’'Mateo. Since ’'Mateo 
gives 7 pairs with ^Devil's Gate, and O 4 wth ’'hookeri, it also 
has the same segmental arrangement as excellens. In one 
cross (with shiilliana), pi. no. 40! the original culture was used. 
This plant also had 7 pairs. No attempt has been made, 
however, to determine whether or not this plant had the same 
segmental arrangement as plant no. 13. In 4 crosses (with 
nobska 9 , oakesiana 9 , shuUiana 9 and Hall 21 9 ), plant no. 

!0 was used, which had O 4, and was therefore capable of 
producing gametes with 2 types of segmental arrangement. 
One of these gave with jngens {skiillia 7 ia X Mateo) © lO, the 
other Q 12. Since ’'Jranciscana (which has the same 
segmental arrangement as ’'Mateo) gives Q 10 with jugetis 
(Emerson and Sturtevant, 1931), it is evident that it is the 
former segmental arrangement which is comparable to the 
’‘Mateo in plant no. 13. It may be designated as a Mateo 
{ = ’'Mateo), the other arrangement as d' Mateo, a Mateo gives 
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7 pairs with Hall 21, as expected. Whether of or J 3 Mateo 
functioned in producing Q 12 with pvhens and Q 12 with 
acceUranfj is unknown. 

In all crosses where the configuration could be predicted 
on. the basis of the assumption that '*Mateo has a segmental 
arrangement identical with that of exceUens, the predicted 
configurations were obtained. 

Mono. —Two plants of the original culture had 0 4, and 
2 plants had 7 pairs of normal chromosomes plus a diminu¬ 
tive pair, which behaved in normal fashion in meiosis. The 2 
former plants should have yielded gametes with 2 segmental 
arrangements, the latter should have yielded but one type. 
Most of the Mono crosses involved a plant with 8 pairs, but a 
few utilized a plant with G 4- The plant with 8 pairs had a 
segmental arrangement (so far as Its normal chromosomes 
were concerned) identical with that of '^Mateo, since it gave 
only pairs with it. This conclusion was borne out by the 
presence! iti other crosses, of the configurations to be expected 
on such an assumption. 

Hall 21 . —Five of the 6 plants of the first generation had 7 
pairs, and therefore but one type of segmental arrangement in 
their gametes (genom called all 21). The one remaining 
plant had 0 4, but was not used in any kind of breeding work. 
^Hall 21 gives 7 pairs with ‘‘Dalton., ct Mateo and '‘Mono, and 
therefore has the same segmental arrangement that charac¬ 
terizes these genoms, as w'ell as excelltns. 

Hall yo.—^ne plant of the first generation had 7 pairs, 
and 2 plants had G 4. A single plant was used In all crosses 
and as parent of the nest generation, and this individual had 
0 4. Crossed with kookeri deV., this plant gave Fi progeny 
with 2 configurations, 7 pairs and G 4 - Evidently, one genom 
had a segmental arrangement identical with that of * kookeri, 
and one diflfered by a single interchange. The genom giving 
7 pairs with '‘kookeri has been designated as or Hall jo. 
Crossed with Hall 21, an Fi was obtained in which both 7 
pairs and G 4 were again found. Obviously, it is the 0 
genom of Hall 00 which gives 7 pairs with ’'Hall 21, since the 
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latter gives 0 4 with ’‘hookerL The genoms of Hall 
therefore, are a Hall 50, with the segmental arrangement of 
•‘hookeri, and jS Hall 50, with the arrangement of 37 , 

excellens, etc. 

Hail 34. — In one plant of the first generation, 7 pairs plus 
a fragment were found; 2 plants had 0 4; 2 plants had £ Gs 4; 
and I plant had O 6. The plant with G 6 became parent of 
the following generation, as well as of all crosses involving 
this race. Crossed with ^hookeri, plants were obtained with 
7 pairs and also with 0 6- Obviously, one genom (a Hall 34) 
has the same segmental arrangement as ’"fiookeri. The seg¬ 
mental arrangement of ^ Hall 34 cannot as yet be determined 
with certainty, for in no cross except to ’'kookeri has a con¬ 
figuration. been obtained which could clearly point to this 
genom as present. Thus, O 4 w-as obtained in Halt 3 / X Hall 
34, Hall 34 X Devil's GaUf Hall 34 X Mateo and Hall 34 
X .I/ono (S pairs; O 4, pairs, in this case); since, however, 
certain segmental arrangements which will give O 6 with 
*'hookeri can also give G 4 with ’'Hall 37, it is not unlikely 
that certain plants resulting from these crosses had i 9 Hall 34 
in them. 

Hetisi . — ^Two plants of the first generation had 2 Qs 4, and 
I plant had O 4. The plant with O 4 became the parent of, 
the next generation, and was used mostly In crosses. How'- 
ever, a plant with 2 Gs 4 was used in some crosses. When the 
plant with 0 4 was crossed with Devil's Gate^ Hall 21 and 
Matec, some plants with 7 pairs were obtained. One of the 
genoms of this Heusi plant had, therefore, a segmental ar¬ 
rangement like ^DeuiVs Gate and excellens (called a Heus%). 
On the other hand, when crossed with grandifioraf one of the 
genoms gave 7 pairs with acuens (which gives 0 4 with 
’'Devil's Gate). Therefore, the ^ Heusi genom must have the 
segmental arrangement of acuens^ namely, 

1-4 32 5*6 7-10 9*8 11.12 13.14 

The plant with 2 Qs 4 was capable of producing in all prob¬ 
ability 4 classes of genom from the standpoint of segmental 
arrangement. Two of these were probably cc Heusi and 


OENOTHERAS FROM CALIFORNIA 


42S 


/? Ihitsi, it being probable that the plants in question differed 
from the plant with G 4 in having suffered an additional 
interchange. If 2 of the possible genome were a Ileusi and 
/S lUvsi, the remaining might be designated as 7 and S I/fuji. 
They are defined as follows: 7 Iltusi is the arrangement (see 
formulae below) which will produce G 4 with ^ Heusi and 
2 Os 4 with ix Hf usi. It must therefore have 1-4 and 3 -2, 
and differ from a and Ileun in respect to 2 of the remaining 
5 chromosomes. S If^usi is the arrangement which will 
produce G 4 with ct /leusi and 2 Os 4 with /9 Heusi. It must 
therefore have t ■ 2 3 '41 “it'd differ from Of and ^ Heusi in respect 
to the same 2 chromosomes. 

When Heusi (2 0s 4) is crossed with Hall jo, one of the 
configurations obtained in Fj is Q 4, G 6. This could not be 
obtained by combining a or ^ Heusi with either a or ^ Hall30. 
Nor could it be given by 5 Heusi, which must hav^e 1-2 3-4, 
and therefore, in order to give 0 4, Q 6 with a Hall30, would 
have to give as part of its configuration with a or d Heusi Q 6, 
The configuration O 4, G 6 must have been produced by the 
union of y Heusi and a Hall 30. In order to give 0 4 with 
/3 Heusi and 2 Gs 4 with a Heusi and still give G 4, O 6 
with al/alljQ, 7 Heusi must have one chromosome in com¬ 
mon w-ith a Heusi w'hich it does not have in common with 
a Hall 30, namely, 7 jo or 9 8, and & Heusi must therefore 
have the same. For the sake of illustration, we may give 
them 7*10, and select 11 12 as the chromosome which has 
interchanged with 9-8. Formulae may then be written as 
follows; 

«//irHJi = i‘2 3.4 5-6 7 io 9*8 11-12 13*14 

0 Heusi~i-^ 3*2 3-6 710 9-8 ij-12 13-14 

7i//ujt=i-4 3-2 5.6 7*10 912 n 8 13-14 

5 //cart = i*2 3-4 5-6 7*10 9*13 ii 8 1314 

ft must be noted that these selections are purely arbitrary, 
and are chosen from a number of possible alternatives. The 
selection made is not meant to be used in the definition of these 
chromosomes; the arrangement here given is for illustrative 
purposes only. 
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The /W iadividual with 2 Qs 4 was crossed with 
Hall 30, Hall 34 and Mona (0 4)- 1 " ntiost cases it was not 

possible to decide which of the lUuH gcnoms was present m 
Fi plants with a given configuration. The possibilities are 

listed in table 2. . 

The jegmtnial arrangements of the genoms present i« the 

eariOHJ California forms included in fAix Jfady, jo far as they 
have been taorked out, are as follott/s: 

’^hookerif ^franciscana deV., a Hall 30, a Hall 34 

1^2 3*4 5'® 7‘® 9'^®^ 11*12* 13 *14 

’^Dalton, ’^Devirs Gate, ^Johansen, ’^Hall2i, ’^^fateo, \Mono, 
a lleusi, 0 Hall 30, ’franciscana E & S 

j,2 3*4 5-6 7-109-8 11-12 13*14 

0 Heus{ 1-4 3-2 5 '^ 7-(0 9-8 ii-iz 13-14 

7/f<-tfjri*4 3*2 7-ioor9-8 

fi Heusi I-2 3-4 7-ioor9'fi 

In conclusion, it should be emphasized (1) that the great 
majority of California genoms involved in this study have 
one of two segmental arrangements, either that of ‘Aooien, 
or that of ^Dalton. Of the two, the latter has proved so far 
to be the more frequent, so that the arrangement of ’^kooieri, 
which has been used, and will continue to be used as the 
standard, seems to differ from the arrangement most com¬ 
monly found in the California assemblage by one segmental 
interchange, (z) The findings presented in this paper with 
reference to chromosome configurations are in every respect 
in harmony with the segmental interchange theory of circle 
formation. Wherever it has been possible to anticipate in 
whole or in part the configuration of a hybrid on the basis of 
known facts regarding the segmental arrangements of the 
parents or of other crosses, the anticipated configuration has 
been obtained. The number of such cases is so large as to 
preclude any possibility of error in the assumption that seg¬ 
mental interchange has been responsible for circle formation 
in Onagra, 
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Summary 

Nine distinct strmns of Onagra from widely diversified 
habitats in California are described on the basis of their 
characteristics as shown in the experimental garden. Many 
crosses have been studied involving (ii) California strains 
as both parents, (i) California strains with races from other 
regions; these are briefly characterized. The behavior of 
certain phenotypic characters is discussed; one of these char¬ 
acters, erect marginal hairs, is ascribed to a single recessive 
gene, Chromosome configurations have been determined 
for all strains and practically all hybrids. 

The California strains as a whole have been fonnd to be 
exceptional within the sub-genus Onagra^ In that they show 
little evidence of those peculiarities, cytoiogical and geneticai, 
which have brought this group into such prominence. They 
give no evidence of the presence of lethals; they do not form 
the sort of gene-complex so characteristic of the group as a 
whole; in general, they appear to be less heterozygous than 
most of the forms from other regions, some of them being 
apparently entirely homozygous; they do not show large 
circles of chromosomes, but have mostly paired chromosomes. 
In short, they are not to be classed with the “complcx-hetero- 
zygotes” of Renner, which have dominated the Onagra 
picture up to the present; they approach, rather, the more 
usual type of cyto-genetic behavior characteristic of most 
families and genera of plants. 

Hybrids between California strains also show for the 
most part paired chromosomes, showing that the segmental 
arrangements of the various strains are identical or nearly so. 
It appears, therefore, that there is a certain type of segmental 
arrangement which is characteristic of the California group 
as a whole. When crossed with forms from other regions, 
the California races give hybrids which show among them 
everj' condition with respect to chromosome configuration 
from entirely paired chromosomes to entirely concatenated 
chromosomes. It is significant that some complexes belong¬ 
ing to extra-California races have segmental arrangements 
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of the California tj^pe, although most have quite unrelated 
arrangements. 

These Endings are discussed in the light of the hypothesis, 
developed in earlier papers, that relative similarity of seg¬ 
mental arrangement means in general a relatively recent 
divergence from a common ancestral source, and therefore a 
relatively close relationship between the complexes concerned; 
whereas relative dissimilarity of segmental arrangement 
means in general a more distant relationship. On the basis of 
this hypothesis, the California group appears to be a tightly 
knit assemblage of closely related forms* Furthermore, the 
genoms belonging to extra-California forms which are seg- 
mentally of the California type are, by the same token, 
In all probability closely related to each other and to the 
CaUfornia assemblage- Since the type of segmental arrange¬ 
ment represented by these genoms is preeminently charac¬ 
teristic of the California forms^ it seems that California must 
be regarded as a center of distribution which has contributed, 
to some extent at least, to the development of the Onagra 
population in other, and often distant, regions. The ques¬ 
tion as to how races from other regions than California have 
in some cases come to be composed of a genom of the Calb 
fornia type, associated with a genom which is not of the 
California type, is discussed. 

A program of future investigation is suggested, with the 
object of determining the actual incidence and the Importance 
of the California-type of genom in all parts of the range, as 
well as ascertaining the affinities and origins of the complexes 
which are not of the California type. As the affinities of the 
various races of become by these means increasingly 

apparent, it should be possible more and more accurately to 
evaluate the roles which various factors have played in the 
evolution of the group, thus affording a clearer insight into 
evolutionary" processes in generaL 
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THE ALPS IIT HISTORY 
WALTER WOODBUKN HYDE 
(Aral/ Affil i 3 ,1935} 

The &tory of the Alpine chain which separates Italy from 
the areas to the north is long and eventful. Its history, 
beginning with the gradual expansion of the Romans to the 
foothills and beyond in the late Republic, covers a period of 
well over two millennia. Further back we may even glimpse 
something of its prehistoric use as disclosed by archaeology, 
mythology, and historical inference. For from time im¬ 
memorial the Alps have been crossed, and never have formed 
an impassable barrier either to plants, animals or men. 

Thus neolithic settlements can be traced along the entire 
course of the Brenner in the Eastern Alps—one of the oldest 
passes. The early use of the coast-route along the Riviera 
from Southeast France to Genoa is attested by the myth of 
the Ligurian ^Cing Cycnus In connection with the prehistoric 
amber-trade southward to the Mediterranean from the North 
Sea. Similarly, the early use of the Little St. Bernard from 
France into Val d’.Aosta can be inferred from its ancient 
name —Alpis Grara—which the Romans, ever bad etymolo¬ 
gists like the Greeks, translated as the “Greek’* pass, over 
which they believed that Hercules, the first mortal to cross 
the Alps, found his way. Some of the eastern passes, notably 
the Brenner and BirnbaumerW'ald, because of their moderate 
heights, served as gateways through which many folk- 
wandering reached Italy from Central and Eastern Europe 
long before Italy was guilty of Rome, In this way the earliest 
Indo-European invaders of Italy, theTerramara peoples, must 
have reached the valley of the Po from the Save and Drave, 
and ultimately the Danube, bringing with them the rudiments 
of Italian culture and a speech which was the forerunner of 
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Latin. Thus these eastern passes played a role in the begin¬ 
ning of Italian culture as well as in its final downfall, since it 
was chiefly over them that the barbarian invaders crossed 
centuries later to overwhelm Italy and destroy the Western 
Empire, and old Rome was no more. 

The first mention of the Alps in European literature is by 
the Greek historian Herodotus, who wrote in the middle of the 
fifth century b,c., but to him Jipis was a river, a tributary of 
the Danube. A centurj' later Aristotle called the chain by its 
earliest known name—whether Celtic or Germanic—the 
“Arcynian Mountains,” a name recalling that of the Her- 
cynian Forest which anciently spread over a great section of 
South Germany. But we do not meet the name Salp^is till 
the third century B.c., in the work of the little-known Alex¬ 
andrian poet Lycophron. Curiously we do not yet know with 
certainty the origin of the name. The Romans naturally 
connected it with albus^ but more probably the name is 
Celtic for “lofty,” as it appears still in Gaelic alp and Erse aUp, 
And we know that the Celts or Gauls occupied both slopes for 
centuries, having reached Italy from the Tyrol by the Bren¬ 
ner toward the close of the fifth century B.c., thejr settlements 
finally covering the valley of the Po so that throughout Ro¬ 
man times North Italy was known as Cisalpine Gaul, Even 
yet remains of Celtic speech are found in the southern foothills. 

Tw'o centuries after the unheralded coming of the Celts 
occurred the most spectacular transit of the Alps in ancient 
or modern times, that of Hannibal and his elephants over a 
western pass in the fall of 21S B.c. In fact it was bis crossing 
w'hich first aroused the Romans to an active interest in their 
northern barrier, and it was his traverse far more than his 
supreme military genius which has left so indelible a memory^ 
on posterity. Thus the identification of his pass has been the 
subject of endless discussion iu our times, when all sorts of 
books, ranging from technical to semi-romantic, have been 
written on this theme from the historical, topographical, 
military, meteorological and economic points of view. And it 
is certain that the vexed question will continue to intrigue 
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investigators since the data available are insufficient to render 
a decision agreeable to all. 

In the following century the Romans were attracted to the 
foothills by the mineral wealth of the Celts, especially the 
gold qf the Salassi In Val d’Aosta and the iron of the Taurisci 
in the Tyrol beyond the Eastern Alps. The Roman mer¬ 
chants here, as later in Gaul, preceded the Roman soldiers, 
but the legions were sure to follow. Soon they came to 
repel invaders — first the Cimbri and their kinsmen the 
Teuiones, the earliest barbarian hordes from the northland 
who came in historic times in search of a southern home. 
After spreading terror for years in Gaul, Spain, and Switzer¬ 
land, and after beating many consular armies beyond the 
.Alps, they finally were destroyed by Marius—the Teutones 
on the Rhone above Marseilles in loz b.c., the Cimbri the 
following year near Verona in Italy which they had reached. 
It was their German kin who, centuries later, exacted a 
terrible vengeance, when in successive waves they poured 
over the .Alps and ended the Western Empire. 

Still later the Romans came as conquerors and adminis¬ 
trators of the Alpine tribes and areas farther north. In 
consequence of Caesar's Gallic Wars, they felt the need of 
subduing the mountaineers in order to control the pass-routes 
into Gaul and Helvetia. Caesar’s plans, cut short by his 
assassination in 44 b.c., were carried out by his grand nephew, 
known to us as Augustus, the founder of the Roman Empire. 
In a desultory 'war begun around 2 j b.c,, but w'hose major 
operations were completed in 16-14 b.c. by the emperor's 
stepsons, Tiberius and Drusus, the entire chain became a 
part of the Roman state. 

Augustus’ victory over the mountain tribes was com¬ 
memorated by a trophy In the form of a three-storeyed 
tower the ruins of which — restored only last year — still over¬ 
look the blue waters of the Alediierrancan at La Turbie 
(the name is a corruption of Latin Tropaeum) near the sum¬ 
mit of the Roman coast-road above Monaco, now a part of 
Napoleon’s Grandff Cornkh^. Its weatherbeaten inscription 
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names forty-eight tribes then subjugated^ while eight others 
arc known from a smaller trophy set up at Susa on the Mt. 
Genevre route. Augustus further boasts on the famous 
^fon1tme}l^llm Jneyranum, lettere-d In Greek and Latin on the 
walls of a ruined temple at Angara in Anatolia, now the capital 
of the Turkish Republic, that "the war brought injury to 
none.'* Yet he had caused thousands to be slain and thou¬ 
sands more to be driven into slavery, all because they had 
fought the good fight of freedom. 

By the close of the war the founder of the Empire held 
both sides of the Alps, and he and his successors erected 
provinces to the north, expanding Roman power eventually 
all the w'ay from the North to the Black Sea. Only one 
monarch since, Charlemagne (768-814), has controlled the 
entire chain, for not even Napoleon gained the eastern section. 
Today the Alps are shared by six nations—'Italians, French, 
Sw'iss, Germans, Austrians, and Jugo-Slavs. 

The cultural activity thus started by .Augustus was even 
more remarkable than the conquest—the gradual Romaniza- 
tion of a vast area, a process which continued to the 
close of the Eniplre. Act more, for that concerns ancient 
history only, for then was started a movement which lasted 
on through the medieval period down to the fifteenth century, 
during which the basis of the states of Alodem Europe was 
being laid- Ehis was .Augustus* unwitting gift to the modern 
world. 

The conduits of this cultural movement were the Alpine 
roads which .Augustus and his successors built to connect 
Italy with the north. Along these highways in the valleys 
below flourishing towns arose. Today most of the important 
towns as far north as the Rhine and Danube are on Roman 
sites. In SwiuorUnd alone nearly every large town is on a 
Roman or earlier Celtic base. 

Curiously the Romans from the time of Augustus onward 
Instituted no new routes across the Alps, but were content to 
improve the ancient trails long before used by Celts and their 
prehistoric predecessors. In all Augustus appears to have 
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built eight roads along these ancient trails: those along the 
Riviera from Genoa west; over the Mt. Genevrc, a restoration 
by his prefect Cottius of an older road built in 77 b.c, by 
Pompey^ across the Little St. Bernard, similarly a restoration 
of theGracchan road built in 123 b.c., and so the oldest in the 
Alps; over the Brenner from Verona as far as Trent; the 
Ploecken route from Aquileia to Trent and the Blrnbaumer- 
TVald road from Aquileia to Oberlaibach on the Save, later 
extended as the Pannonian Highway*^ to Garnuntum on the 
Danube; and in all probability those over the Maloja and 
Julier in the Central Alps, connecting the Vai Brcgaglia in 
Italy and Coire in the Engadine. 

Later emperors repaired these roads or built anew over 
other ancient trails. Thus Claudius in the first century con¬ 
structed a road from Venetia through the Valsugana to the 
Brenner and beyond over the Reschen-Scheldeck and Fern 
Passes to the Danube, and another over the Great St. Bernard 
from Aosta to Martigny on the Upper Rhone. The Seven 
between and 215 built the first military road across the 
Brenner and the Scharnitz Passes from Trent to Innsbruck 
and on to Augsburg in Germany, 

Remains of these ancient roads are visible in many parts 
of the .\|p3—roadways, pavements, wheel-ruts, inscribed 
rock-walls, and countless milestones. There are even ruins 
of refuges—one 216 by 60 feet, dating from the Later Empire 
on the summit of the Little St. Bernard, discovered in 1837 
by a party of English tourists, and another still larger, 200 
feet square, found more recently three-quarters of a mile 
beyond. A ruined mansio has also been found on the summit 
of the Great St, Bernard along with the remains of a temple of 
Jupiter—the latter the highest In the Roman Empire. There 
are many rock-cuttings against wind and snow, one 200 feet 
long and lo feet wide on the summit of the Great St. Bernard. 

Recently I follow^ed two stretches of ancient roadway on 
the northern ascent of the Radstaedter-Tauern Pass in 
Austria—one, high above the modern road, w'hich runs along 
the river, the other a mile long nearer the summit. Perhaps 
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the best preserved retnains of roadway are those between 
Haidenschaft and Oberlaibach on the Birnbaumerwald route, 
but the most imposing are those just outside the hamlet of 
Alilno, the beginning of the Via Claitdia .^ugusia now locally 
knowm as Agozzo — where the pavement is twenty metres 
broad. The best example of wheelruts which I have seen 
is above Tweng on the southern ascent of the Radstaedter- 
Taucrn, where through a defile between the present highway 
and the river in a pavement of glistening white marble the 
ruts are from four to five inches deep. 

There is still another reminder of the ancient Alpine roads 
—the coins which have been found along them recalling the 
Roman custom of propitiating or thanking the local god for a 
safe transit. The monks of the Great St. Bernard have 
garnered over i,6oo such coins in the monastery museum, 
which date from 150 b.c. to the barbarian invasions in the 
fifth century. On the summit of the Julier In a hole at the 
foot of one of the two so-caiied Julier columns—Roman or 
Celtic in origin—a mass of copper coins was found whose 
dates span the four centuries from Augustus to Constantius 
IL The most curious cache of all, however, was on top of the 
St. Theodule, a pass over two miles high leading from the 
Italian \"al Toumanche to Zermatt, which I crossed in 1929. 
A maid from the Old Hospice in 1895 found here in the ice a 
hoard of 54 coins dating from Nerva to Theodosius the Great, 
a period of 300 years. As there never has been a road over 
this pass ancient or modern, such a find is hard to explain. 
Perhaps a few intrepid merchants dared the glaciers as 
smugglers do to-day, and left the coins in gratitude. 

We must not confuse these Alpine roads with the great 
turnpikes running straight to their goals over hills and valleys 
which we are accustomed to associate with the Romans—the 
greatest of road-builders, for the Alpine sections were far 
simpler, mere connecting links between the great highways 
far below. Xevertheless, they formed integral parts of the 
network of roads which once radiated over Western and 
Southern Europe, and far into .Asia and North Africa. 
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Descriptions by various classical writers, both Greek and 
Roman, show us that the difhculties of crossing such moun¬ 
tain roads—caused by overhanging rocks, steepness, ava¬ 
lanches, crevasses, and snow — were then far greater than 
those which confront travelers in the Alps today. No wonder, 
then, that the Romans felt an aversion to the Alps, Their 
interest remained always practical, for the mountains were 
merely obstacles to be overcome in their expansion. Only 
merchants, officials, and soldiers crossed them and never 
for pleasure, for the Romans never developed any senti¬ 
mental interest in their scenery, inhabitants, languages, 
customs, flora or fauna. As a typical illustration of this it is 
said that the greatest of the Romans, Julius Caesar, once while 
crossing the Mt. Genevre to his army in Gaul composed an 
essay on Analogy in his curtained litter quite oblivious of the 
scenery. 

Nevertheless the Romans overcame their dislike enough 
to build roads over most of the major passes yet in use to-day. 
Thus of the seven over the Western Alps they knew all except 
the Alt, Cenis and Simplon j of the nine over the Central , 41 ps, 
all except the St. Gotthard, Lukmanier and Bernina; and of 
the seven over the Eastern Alps they seem to have known all 
except the Stelvio. This gives us a total of seventeen major 
passes out of twenty-three now in use. And they knew about 
as many minor ones as well. This seems a small number when 
compared with the great array of passes, major and minor, 
now in use, of which the Britannica lists 518 throughout the 
Great Divide. 

Throughout the Middle Ages—^that indeterminate period 
of over a thousand years from the passing of Rome to the 
bloom of the Renaissance, or, perhaps, to the crisis of the 
Reformation—the Roman roads over the Alpine passes were 
still used. In fact, we have records of very few new routes 
during that period. 

Thus we first hear of the Mt. Cenis in a document of 73 [, 
and we know that its hospice, one of the oldest medieval ones 
in the Alps, was founded by Louis le Debonnaire or his son 


438 


WALTER WOODBURN HVDE 


early in the next century. The St, Gotthard, tjne of the 
grandest of all, leading from Bellinzona in Italy to the Lake 
of Lucerne, was known to the Romans as far as Andermatt 
beyond the summit, but their way farther north was barred 
by the Schocllenen Gorge through the vertical granite walls of 
which the brawling Reuss descends. Not until the chasm 
could be spanned by a bridge was it possible to reach the 
northern exit of the pass, and the first “Teufclsbruecke'’ was 
not built till around the year izoo. The Lukmanier, after the 
Maloja the lowest and easiest pass from Switzerland to Italy, 
Is known from the records of Its famous abbey at Discncis 
from 776, and the first recorded transit was that of the Holy 
Roman emperor Otto the Great in the winter of 964—5. 

It is indeed a matter of wonder that throughout the medie¬ 
val period so few new routes were opened and so few of the 
Roman roads were kept in repair. Various reasons for this 
have been adduced—especially lack of capital and division of 
authority among local powers, each responsible for its own 
section, only. But probably the main reason is to be found 
in the lack of labor to replace the Roman slaves. A recent 
historian has said that not one Holy Roman emperor imitated 
his pagan predecessors, the Caesars, either by building a 
new road or inaproving any of the old ones which they had 
inherited 1 

What had happened? W'e know that in the gradual dis¬ 
solution of the Roman Empire after the death of Constantine 
the Great in 337, trade everywhere waned, for with the 
spread of Christianity religion usurped commerce as the 
chief interest of the Middle Ages. This change was, of cou rse, 
reflected in the Alps as everywhere else. Now the merchants 
of an earlier day were replaced by pilgrims and ecclesiastics 
on the way to and from Rome, “the threshold of the Apostles.” 

^he medieval traveler faced much the same difficulties 
in crossing the Alps as his pagan predecessor is shown by three 
wntemporary descriptions of transits of the Ml. Cenis and 
Great St. Bernard m the eleventh and twelfth centuries. 
These dangers, apart from the usual weather conditions, were 
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lack of food and refuges^ and, above all, the presence of 
robbers. Christian hospicesj however, gradually replaced the 
Roman vtansion^s^ Many of these have been restored or 
rebuilt and have survived to our time^ notably the two 
famous ones founded by St. Bernard in the eleventh century* 
on the summits of the passes which still go by his name. 

In modern times the Alpine passes have played an ever 
increasing role in war and commerccj and, more recently^ also 
in recreation. The latter U true of the last century^ during 
which splendid highways have been built across all the main 
passes* and since 1900 automobiling over them for pleasure 
has become common. 

There have been many historic transits of the Alps by 
armies in the last four centuries, beginning with that of the 
youthful Francis ist who* with an army of :20,ooo men and 75 
cannon* crossed the Col de FArgentiere from Grenoble to Italy 
in August 1515* prior to the “ moonlight battle of Marignano* 
where the French arquebus proved superior to the pikes of 
the Papal troops. 

Such transits followed the old medieval-Rom an roads 
down to the time of Napoleon, before whom little road-build- 
ing in the modern sense M^as known in the Alps. To be 
successful such construction required the use of powder to 
break the rock* and it is curious how slowly it came into use. 
We first hear of ^'^powder-blasts" toward the end of the 
Middle Ages in connection with ^^Kunter’s Way*” a two-mile 
section of the Brenner built in the fourteenth century. Again 
In the fifteenth, betw'een 1481 and 1483* Duke Sigmund of 
Tyrol built another section of the same pass-route by splitting 
the rock with '^'^fire, sulphur, and iron." But powder on an 
extensive scale was first employed in 1697 in the construction 
of a rock-hewn road through the Berguen Gorge of the Albula* 
and we hear little more of its use for a century thereafter. 

It was Napoleon* then* who* during his temporary hold on 
Swiuerland and North Italy* gave the modern impetus to 
.Alpine road-building, an impetus comparable with that of 
Augustus eighteen centuries before. For* during his transit 
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of tKe Groat St. Bernard in the spring of 1800, he experienced 
the difhculties of transporting an army over a lofty pass 
without a good road. His artiilerj' was then as badly im¬ 
peded by natural difficulties in ascending the Valsorey Gorge 
—up which hia cannon had to be dragged encased in hollow 
logs—as Hannibal’s elephants had been. 

Between 1800 and iSioXapoleon built four military roads 
across the Western Alps: the coast-road from Nice to Genoa, 
including the Gro-ndt Cotuichi to !\'lenione, and those over the 
Mt. Qenevre, IVIt. Cenis, and Simplon. Curiously he did not 
build one over the Great St. Bernard, where a modern road 
was. not completed on the Swiss side till 1893, and on the 
Italian, Including the connecting link over the top, till 1905. 
He also began a road over the Col de I’Argentierc, and planned 
still another over the lofty Umbrall far to the east, which was 
not finished till three years after his death on St, Helena, 
and was restored between 1899 and igoi. Before the 1830's 
were over many other pass-roads had been built—notably 
those over the Julier, San Bernardino, St. Gotthard, and, high¬ 
est of all, the Stelvio, 

In the modern period only a few major pass-routes have 
been opened, even fewer than in the medieval. Perhaps 
the best example is that over the Stelvio on the borders 
of the Central and Eastern Alps. Here the Austrian Govern¬ 
ment constructed a military' road in 1820^1825 as a feeder 
into the Cnibrail route then being built. Its construction was 
a continuous struggle with snow and ice at a height theretofore 
open only to expert climbers, an astonishing work of engineer¬ 
ing skill. 

Railways over the passes began with that across the Sem- 
mering in Austria, built 1843“! 854 ' H was followed by one 
over the Brenner in 1867, and that by the boldest and most 
spectacular mountain-railway in the world, the one built 
between 1872 and [882 over the St. Gotthard. This has 324 
bridges and 80 tunnels including the great one under the 
pas^s to be mentioned three of which are spiral in form on the 
Swiss ascent and four on the Italian. 
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With mountain-railways began the piercing of the chain 
by tunnels. The first one beneath the Semmenng Pass is a 
little less than a mile in length. To-day five great tunnels cut 
the Alps, three through the main divide, and two wholly 
within Switzerland and Austria respectively. The oldest is 
the so-called Mt. Cents Tunnel, which runs beneath the Col 
de Frejus, some seventeen miles southwest of the Mt, Cenis 
Pass, and connects Modane in France with IBardonnechia in 
Italy — a distance of eight miles with the approaches. It 
took fourteen years to build it, 1857-1870, and the engineering 
was so accurate that the borings begun simultaneously at 
either end joined almost exactly in the center. 

The St. Gotthard Tunnel, connecting Goeschenen in the 
Schoellenen Gorge in Switzerland with Airolo in Italy, is 
nine and a quarter miles long, and required ten years, 1872- 
t88l, to complete. The longest railway tunnel in the world is 
still the Simplon, over thirteen miles in length with its ap¬ 
proaches. It has parallel tubes for one-way traffic. The 
culminating point of the tunnel is 4,270 feet below Napoleon's 
highway over the pass, and the encircling mountain crest 
above rises nearly 3,000 feet higher yet. 

The automobile has long since found its way over the 
major passes and soon will have its own tunnel beneath Mont 
Blanc, the monarch of European mountains. Only last year 
plans were drawn for a motor-tunnel with double tubes to 
connect Chamonix with Enircves near Courmayeur—a dis¬ 
tance of eight or nine miles. The need of such an automobile 
route between France and Italy is evident from the fact that 
out of six existing Alpine roads across the frontier of 230 
miles between them only one—the Riviera route — is open 
in winter. 

This brief sketch of the story of Alpine roads has shown 
that the use of most of the major pass-routes has been con¬ 
tinuous from prehistoric times to the present. Long before 
the advent of man in the Alpine solitudes Nature had marked 
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out just where such routes could go. Their story, then, is 
merely the gradual use man has made of the passes through¬ 
out the ages. Their number and location were fi.\ed for all 
lliiie by the natural configuration of the Alpine chain. 


DEMOCRACIES AND DICTATORSHIPS: THE DEBIT SIDE 
OF THEIR LEDGERS 

ROBERT C. BROOKS 
{JUad April rSf rgjj} 

Of the makiag of many dcfinillorts of democracy there is 
no end* It is conceived not only as a form of government but 
also as a social system, as a way of life, even as a quality of 
manners. Various as are these definitions all of them derive 
from the political concept, first formulated In scientific 
terms by Aristotle. A similar development is now taking 
place in the case of dictatorships. Beginning primarily as 
forms of government each of them is now proclaimed by its 
protagonists to be a new social system, a new way of life, 
indeed in one case, that of Hitler's Third Reich, to be a new 
nsek a u ung^ 

It is a truism that no government exists hi vii^uo — or In a 
purely political medium for that matter. Each must be 
studied as affected by its environment, geographic and social, 
also by its historical background. Since, howet^er, both 
democracies and dictatorships present themselves ai origins 
as types of government they must be considered first from 
this point of view, that is as purely political concepts. Due 
to limitations of space it is the primary purpose of the present 
discussion to examine the debit side of their ledgers. On 
positive grounds the presumption is strongly in favor of 
democracy. In spite of certain successes alleged to have been 
achiei^d recently by dictatorships it can be shown that they 
run counter to the processes of social evolution, and that they 
are devoid of sound ethical foundations-^ Moreover the 
democracies of the world are still immensely stronger than the 
dictatorships—in population, resources, wealth, technological 

I DhblcI S- PoluKal Eikkff New 195^, vi^ viL 
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development, even in military strength,^ If, then, as will be 
demonstrated in the following pages, the political disabilities 
of dictatorship are far greater than those of democracy, the 
strength of the case against the former on that score is beyond 
question. 

As a form of government democracy in its purest sense is 
the direct, freely-eiercised rule of all, each counting equally. 
Two things are of primary importance in the foregoing defini¬ 
tion, the collective element expressed in the words " the rule 
of all,” and the individualistic element, equalltarlan in 
character. As to the former it must be admitted that no 
country has ever attempted to confer even the modicum of 
political power represented by the right to vote upon all the 
human beings resident in its territory j to that extent at least 
a pure democracy has never existed. Age qualifications have 
always been maintained, although the date line at which 
maturity is presumed to be reached has shifted from time to 
time in the past and may do so in the future, Cimenship, 
property, religious, racial and other electoral quallocations 
bulk large in the pages of history since 1789, Even in the 
most democratic countries of the world woman suffrage is a 
recent and by no means universal achievement. 

It would, of course, be extreme to assert that no govern¬ 
ment has a right to call itself dentocratio until all those who 
live under it arc given the vote. Nevertheless the first test 
to be applied in each case is the extent to which the popula¬ 
tion as a whole is enfranchised. In that respect England and 
the United States take precedence over France and Switzer¬ 
land since so far the latter have stood out against woman 
suffrage. On the other hand the exclusion of colored citizens 
from the ballot box in our southern states by various means, 
whether legal or illegal, Is frankly antidemocratic. 

So fa r as the electoral test U concerned It h possible to state 
quantitatively the degree of democracy prevailing in a given 
country at different times. For examplcj only 6 per cent of 

' For itatiitini dcuili Bee triklc by dircnce K. Smii, ‘'Dcittocracy veniu 
AbwIutifmT 1 World-Wide Suney,” in ilie .Vrw York Timfft, November 15, 15J+, 
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our population possessed the right to vote during the Revolu¬ 
tion; at present it is possessed by from 40 to 45 per cent.’' 
In the course of the century following the Great Reform Act of 
183the British electorate Increased from 4 to about 55 per 
cent of the population.^ 

At this point it is necessary to note a qualification regard¬ 
ing the extension of the right to vote, a qualification which 
applies with the same force to each of the other tests of 
democracy. While any addition to the electorate, no matter 
of what character, is a step toward pure democracy, still it 
may be a very unwise step to take under given circumstances. 
If, for example, the new voters are numerous and ignorant, 
the result is likely to be corruption, inefficiency and misgovern- 
ment, perhaps to such a degree that violent upheaval may be 
threatened. On these grounds Thomas Carlyle in his then 
famous but now forgotten essay, Shooting Niagara and AfUr^ 
predicted the Immediate downfall of England as a consequence 
of the passage by parliament of the Suffrage Act of 1867. 
Alany there are, especially south of the Afason and Dixon 
line, who still regard the Fifteenth Amendment to the Consti¬ 
tution of the United States as a colossal mistake; there are 
even a few who hold the same opinion of the Nineteenth 
Amendment, Historians differ in their judgments on such 
matters; undoubtedly, however, democrats have erred at 
times in making extensions of the suffrage too rapidly. All 
of which amounts to saying that a policy, or a whole polity for 
that matter, may be everything that is democratic and 
nevertheless be thoroughly undesirable. We who live in a 
democratic atmosphere need to remind ourselves of that 
fact frequently. 

Even more important than the collective aspect of democ¬ 
racy embodied in the phrase, “the rule of all,” is its equalitar- 
ian aspect, expressed as *‘each counting equally.” Since 
human beings differ enormously in their individual capacities, 

^ J- Q. Dcakvp Qro^k of Am/rui^n Ntfw York+1915* p- see 

ttUo iKc autJior^^ Politk&i PotHti cni Elrtidrol New Yoffc, ^933# pp# 3S9 

/f- nq. 

* \V. B. MuEinij CoEwnm/ni/ of Europe^ New Yorfcp rev, cd., 19J p. 14.J- 
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political as well as otherwise, the objection may be raised that 
pure democracy is not attainable as between individuals 
any more than in its collective aspect. Also leaders are 
commonly said to be needed to an even greater extent under 
popular government than under aristocracies, monarchies 
or dictatorships- It is manifest, however, that leaders exert 
more power than do lieutenants or the ranlt and file of their 
followers. Confronted by the phenomena of machine rule in 
the United States, Theodore Roosevelt once sought to evade 
this difficulty by asserting that *‘a leader leads, a boss drives,” 
Epigrammatic as the phrase Is, the fact remains that leaders 
of both types use both methods of control to varying degrees. 
While relying largely upon persuasion, often in the form of 
jobs or political charity, the American political boss does use 
compulsion to a much greater degree than the type of leader 
Theodore Roosevelt had in mind. However, in this respect 
the most powerful of our bosses is a mere tyro as compared 
with the typical contemporary dictator- As a basis for 
differentiating democracy and dictatorship, therefore, the 
Roosevekian dictum is not without validity. 

While complete equality of political influence as between 
individuals is practically unattainable even under the most 
democratic system, still efforts can be made to achieve it in 
some degree. Here again one must concede that such efforts 
may or may not be wise under various circumstances; In any 
event, however, they arc democratic. "One man, one vote; 
one vote, one value” being the aim, it follows that any system 
conferring a larger degree of electoral power on some indi¬ 
viduals than on others, e.g,, pocket boroughs, the former three- 
class election system in Prussia, the plural voting system 
of Belgium from 1893 to 1919, are undemocratic. 

In a democracy the rule of all must be exercised freely. 
Negatively this means that dominance over government by 
limited groups must be excluded- Democracy “is based 
upon a fundamental distrust of any irresponsible elite,” ' 
^ C. K Merriamp Cmc Education tff iJ^Uniud \W Fork, 1934, p. 42^ 

reis»rk quoted i« nude with Kfcfence to American dcmdCr^cy. £frseniiall>% however 
it Applies to a(I govcmmcBts of this type. 
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Exclusiveness sitnllar to the above is, of course, characteristic 
not only of pure popular government but also of any other 
pure form of government. A monarchy, for example, which 
falls partly under control of an aristocratic chamber or of a 
popularly elective house ceases to be absolute. On this test, 
as on the others already considered, no existing government 
is pure in type. Even dictatorships, as we shall see, make 
occasional obeisance to popular votes; while the gesture is 
largely perfunctory stillit Is democratic. Similarly the most 
advanced of popular governments contain admixtures of 
other character, 

England's constitution, for e.xample, is “veiled in mon¬ 
archical forms,” also there are in its organization certain 
“survivals of aristocratic privilege.” ‘ Nevertheless two 
fundamental facts, first, the supremacy of the House of 
Commons, and, second, the breadth of the electorate which 
chooses its members, make the government of that country 
one of the most democratic in the world. Half a century ago 
Sir Heniy' Alaine pointed out numerous constitutional 
“dams and dikes,” particularly the Supreme Court, erected to 
restrain popular power In the United States,- Indeed it is to 
these anti-democratic institutions that he attributed our 
political stability as contrasted wnth the constant upheavals 
in France betw'een 1789 and 1870, and in the so-called repub¬ 
lics of South America after they threw off the Spanish yoke. 
Thus the legal institutions set up within the body of a popular 
government may have the effect of diminishing its democratic 
character. Extralegal institutions sometimes operate in the 
same way, party organizations under boss control, 

campaign funds contributed by wealthy citizens, pressure 
groups and lobbies seeking selfish advantages, a newspaper 
press ovvned by large corporate interests. 

On its positive side free exercise of the rule of all means 
that the electorate must be able to organize, to carry on 
campaigns, to vote, to have its vote counted fairly, and to 

* Rcphiasin^ tlic of L. Courtnej-, /f'pfJriiif Cdiuftir«a'ew of ikt United 

Kingdtfm^ NhcW Yfirt, 1901, p- J + 

^ P^puUr Lpndbnp ch. Iv. 
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have it prevail—all without let or hindrance. Back of these 
primary conditions are others—freedom of speech and of the 
press, freedom of assemblage and petition, universal educa¬ 
tion for the duties of citizenship. 

It would be erroneous to assume, however, that these 
liberties or any others which may be necessary to the opera¬ 
tions of the electorate, are peculiar to a dentocracy. All forms 
of go\'^ernment roust provide freedom of movement for the 
ruling power whether that power be monarchic, dictatorial, 
oligarchic or popular in character. The only thing peculiar to 
democracies in this regard is merely the extent of the body 
which bears power—the whole people or rather that large 
part of it comprising the electorate. Hence under a true 
popular government the right to act, and particularly to act 
freely, in political affairs must be made wide enough to cover 
the entire voting population. 

But what of absolute liberty, of a sphere of action wherein 
the government must not interfere w'ith the free choice of the 
individual or of groups of individuals? Such liberty is often 
referred to as a democratic principle; in point of fact it is not 
a principle of any form of government. If liberty In this 
sense be carried to its extreme, gov'ernment disappears and 
anarchy—the term may be used either in Its beneficent 
philosophical or maleficent popular sense—supervenes. De¬ 
mocracy, as pointed out above, is exclusive; whatever is re¬ 
moved from its control may fall under the domination of 
minority interests, which, whether selfish or otherwise, are 
alw'ays undemocratic. To that extent our “sphere of an¬ 
archy” — as the first ten amendments to the Constitution of 
the United States have been called — is a subtraction from 
popular control and hence a diminution of democracy. On 
this score the English government Is a better example of 
democracy because its parliament possesses legal omnip¬ 
otence and is subject to the will of the people. 

After all liberty is associated with democracy not because 
of the essential nature of the latter but as the result of popular 
struggle against despotism In the late Eighteenth Century. 
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Subsequently, as Rousseau foresaw, democracy has proved 
quite as avid of power—always of course in the alleged in¬ 
terest of the whole people—as its predecessors, witness 
universal military training, abolition of slavery, compulsory 
education, progressive taxation, prohibition in the United 
States. On the other hand much of the dislocation in con¬ 
temporary democracies is due to the liberty which so far 
they have permitted to powerful economic groups. Funda¬ 
mentally, however, laisser Jaire is merely a policy, not a 
principle, of popular government. If democracy is true to its 
principle, if indeed it is to survive, it must take anarchic 
economic groups in hand by facilitating cooperation, by 
regulation, by industrial planning, even by measures of 
compulsion, ultimately, perhaps, by government ownership 
and operation. Neither does this necessarily mean dictator¬ 
ship. Governments of the latter type destroy all forms of 
liberty; not only do they take away in effect the free partici¬ 
pation of the people in government, they also abrogate all 
personal rights that stand in their way. Democracies are 
bound in principle to maintain the former; they restrict the 
latter, when necessary, by popular mandate. 

In the last analysis therefore it is not liberty, but equality 
which is the basic concept of democracy. Equality is the 
goal; it is also, together with the “exclusive direct rule of 
all,” part of the method—one vote, one value—to that goal. 
Since equality in the political sphere alone would be likely to 
atrophy, democracy is compelled to seek its extension in 
other Aelds, moral, educational, racial and social, above all at 
the present time in the economic field. It is committed not 
only to mass control but also "to the principle that the gains 
of civilization are essentially mass gains and should be 
distributed throughout the mass without too great delay.” * 
Hence the general tendency of democracy in the past toward 
the extension of the suffrage, free public education, religious 
toleration, abolition of slavery, woman suffrage and femin¬ 
ism; neither is the later development within its midst of 
socialistic tendencies in any sense accidental. 

* C. E, Merrijm, op, tu,, p. 42. 
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Finally pure democracy is direct; in other words it must 
undertake to do ever^'thing possible by the immediate appli¬ 
cation of popular power* Here again of course the ideal 
is never fully realized; it is indeed unrealizable, as Eighteenth 
Centur}^ theorists were always pointing out, except by very 
small and very simple states* In practice Switzerland with 
its Undsgftneindfn and town meetings, with its sweeping 
application of the Initiative and Referendum, goes farthest in 
this direction. For similar reasons our own state and munic¬ 
ipal governments are, as James Bryce pointed out,^ more 
democratic than our federal government. So far the latter 
remains purely representative or republican, nevertheless as a 
result of the extension of the suffrage, the direct election of 
senators, and, more recently, the adoption of the Twenty- 
hrst Amendment by popularly elected conventions, it has 
become much more democratic than it was in 17B9* 

Democracy may count itself fortunate in that it has never 
lacked critics—monarchists and aristocrats of the Old Regime 
whom it supplanted, then philosophers and politicians of 
extreme right or left tendencies, and novradays advocates of 
Fascist or Communist dictatorships. Of the evils of pure 
democracy not much can be said; like Christianity it has 
never been tried. It is easy, however, to summarize the 
numerous and often contradictory charges made against the 
approximate democracies of the practical world—England and 
the Dominions, the United States, France, Switzerland, 
Belgium, Holland and the Scandinavian countries* To quote 
their detractors, the rule of all which they profess is a sham; 
their electorates are seduced by slogans, bamboozled by 
propagandas bedeviled by demagogues, misled by corrupt 
parlies, and exploited by swarms of practical politicians 
and crooked lobbyists most of whom are in the pay of corpor¬ 
ate interests. So wide is the extension of the suffrage that it 
includes large numbers of the poor and ignorant who turn 
their modicum of political power to advantage by selling 
their votes or* more commonly nowadays, by becoming 

^ American New Vert, VoL 1, ch. 


DEMOCRACIES AND DICTATORSHIPS 


451 


recipients of charity at the hands of the machine. If balked 
in the pursuit of these small material advantages they fall 
prey to radical rabbli^rousens, thus disturbing legitimate 
business and threatening the established order. However, 
large financial interests by means of campaign contributions 
and corruption funds manage to arrange some sort of modus 
vivgndi with demagogues and proletarian agitators, thus 
transforming the alleged democracy into a masked plutocracy^ 
Nevertheless the mob impulse persists, hostile in every way to 
blue-bloods and highbrows, levelling down all the distinctions 
and elegancies of life to a dull mediocracy- Popular educa¬ 
tion has failed to improve matters; it is too superficial and the 
LQ. of the great mass is so low as to preclude any effective 
degree of political training. As a result of these major defects 
and other minor ones too numerous to mention, democracy is 
doomed- If the particular prophet making this prediction 
happens to be Fascist, the doom is Communism unless a 
rescue is effected by his particular brand of dictatorship. If 
the prophet happens to be Communist, the doom of democracy 
is equally certain, only the terms in which it is foretold are 
transposed- 

Parliamentarianism is subjected to a particularly heavy 
barrage by the advocates of dictatorship. While most of the 
popularly governed countries named above have adopted 
this system, it is not the only form in which the democratic 
idea may be expressed. As presidential in type and therefore 
possessing a strong and more or less independent executive, 
the United States differs from parliamentary countries and 
escapes much of the criticism showered upon the latter. One 
suspects that: our immunity from attack is due to purely 
geographical circumstances. Since neighboring democracies 
in Europe are of the parliamentary type, advocates of dicta¬ 
torship naturally unlimber their heaviest guns against it. 
If these neighbors had been of the presidential type, the 
defects of the latter, particularly separation of powders, check 
and balance, would have been attacked without mercy. 

In addition to all the common objections to democracy 
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cited above, critics of parllaincntarianism condemn it because 
of the multiparty system, the constantly shifting majority 
blocs, the frequently falling ministries, the clash of innumer¬ 
able pressure groups, and—above all—the resulting weakness 
of the executive branch and of the government as a whole. 
Hence the alleged necessity of a Duci or a Fuhrtr to rescue 
order out of the chaos misnamed parliamentary democracy. 

Rebuttal of the foregoing is scarcely necessary in writing 
for a democratic public. As bearing upon certain phases of 
the recent history and the present condition of England, the 
United States, France, and other popularly governed countries 
of the world, some of the details of the indictment may need 
consideration; as a whole however, it is obviously not realistic 
portraiture but hostile and partisan caricature. One feature 
of the contemporary debate between democrats and advo* 
cates of dictatorship should afford the former much gratifica¬ 
tion. Stalin, Mussolini, Hitler and their small-fry imitators 
have now been in power long enough to make possible a 
thoroughgoing analysis of their achievements as contrasted 
with their earlier campaign promises, also as compared 
with the strictures they are accustomed to make against 
democracies. 

Before undertaking such an analysis it is necessary to 
present the concept of dictatorship as clearly as possible. 
A dictator, according to the Cmtury Dictionary, is “a person 
possessing unlimited powers of government; an absolute 
ruler.” Dictatorship, then, is goveminent under unlimited 
personal rule; by usage, however, the term does not include all 
cases of personal absolutism. Divine right monarchs, for 
example, have claimed prerogatives of the widest possible 
extent; nevertheless they may be distinguished from dictators 
on various important grounds. Moreover the historical 
concept of dictatorship has been revised fundamentally in 
recent practice. 

The most striking difference between contemporary and 
earlier dictators Is the permanence of power at w'hich the 
former atm. Not only do Stalin, Mussolini and Hitler intend 
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to retain absolute authority for life, they also proclaim the 
immortality of the governmental systems over which they 
hold sway- According to the historical concept, on the other 
hand} the man called to be dictator was to function as such 
only during a temporary emergency, at the end of which his 
system—if one may dignify the brief exercise of absolute 
power by that term—was to give way to the form of govern¬ 
ment preceding his advent.^ That this theory was practiced 
during the earlier Roman period is shown by the fact that 
“^^of the eighty-eight dictatorships betw'een 501 b.c+ and the 
decline of the institution three centuries later, most were for a 
veiy' short period, six months at the longest/^ * 

There Is a sharp contrast between the argument by which 
dictators of earlier times justified their temporary lease of 
power and the argument by which contemporary dictators 
justify the permanence of their regimes. Neither is very 
convincing; nevertheless the differences between the two are 
illuminating in large degree. Dictators whether ancient or 
modem presuppose an emergency threatening the life of the 
state. Thereupon, according to the Roman theory, citizens 
voluntarily entrusted their liberties to a strong man in order 
that he might, aB soon as normalcy w^as reestablished, return 
these liberties to them not Jess, possibly even greater, than 
before- On the whole a rather naive plea since, as the later 
history of Rome showed, appetite grows by what it feed^ on— 
an aphorism which applies with particular force to the appetite 
of dictators. 

Contemporary dictators take the same starting point as 
their classic exemplars—an emergency threatening the life of 
the state. However they hold the existing dislocation to be so 
great and the government of the day so hopelessly incom^ 
petent that salvation can be attained only by a reconstruction 
of such fundamental character that an indefinitely long 
period of time will be required for its accomplishment. 

^ An cwcllent tiAiitnietLi of ibe ckuiciL theor}' of dictAtorthip tuAy be itHjnd in 
Rou»£eiu, Controi-t^ bk. iv, ch. vI. 

^ S« Aixids on “Dktatonhip” by Profeswr H+ R. Spenoer in ih.it En^top^^dia of 
fke Social vol- v, ijj. 
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Once accomplished it will prove so beneficent to the masses 
of the people that they would never dream of returning to the 
old order. In any event the political structure of the old 
order could not develop strength enough to maintain the 
reconstruction brought about under the dictatorship. Hence 
the necessarily enduring character of the process of escape and 
regeneration instigated by the latter. 

A further argument, personal in character, is used in sui> 
port of the permanence of the contemporary dictator. He is 
not likely to suffer from an unduly low estimate of his own 
capacities—megalomania is much more commonly indicated; 
also he is alleged to have saved the state from an emergency, 
the proportions of which may be so magnified as to appear 
absolutely catastrophic. Of course in seizing power he had 
the assistance of numerous devoted lieutenants and of a mass 
of followers, but adroit publicity men can easily shroud the 
deeds of the latter in the anonymity of the uniform shirt they 
black, brown or what-not; meanwhile playing the s;wt- 
light constantly upon the laureled head of the one sublime 
hero. Thus the Duce or the FukTer is built up to the propor¬ 
tions of a colossus bestriding the world, and by ceaseless 
propaganda through oratory, press and radio, the lesson is 
firmly imprinted upon the minds of his people that, having had 
the rare good fortune to be born under the star of a peerless 
leader, it would be rank ingratitude and stupidity on their 
part not to maintain him in life-long power and to perpetuate 
the system he has installed after his demise, world without 
end, amen. 

Owing to their intended permanence it has been suggested 
that our contemporary dictatorships have forfeited that title, 
that it would be preferable to call them despotisms. Usage 
has decreed to the contrary; nevertheless comparisons between 
them and the absolute monarchies of earlier centuries are 
distinctly worth making. Both exemplify the principle of 
one-man power; they differ sharply, however, first, in that 
the old time monarchies provided for a definite line of heredi¬ 
tary succession—a problem not yet solved by contemporary 
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dictatorships; and, second, in that absolute monarchs claimed 
and enjoyed diviiie right whereas the dictators of to-day are 
secular persons who, moreover, seem to be chronically at odds 
with clerical authorides. 

Of course the absolute power alleged to have been possessed 
by despotic kings—^like all other absolutes in politics—must be 
taken with large reservations. Comparatively few monarchs 
—Henry VIII, Peter the Great, Catherine the Great, Louis 
XIV, Frederick the Great—^approximated such power. It is 
significant that most of the crowned personages who suc¬ 
ceeded in achieving a large measure of domination over their 
peoples were hailed as *^ the Great/’ In spite of the theory 
of divine right the overwhelming majority of absolute kings 
were well aware of the presence of po’wers behind their thrones 
other than the deity who was made to stand sponsor for them. 
They had to take into account the interests of nobles and 
prelates, of army and bureaucracy, of landlords and money 
lenders, also in less degree the intrigues of courtiers and 
courtesans^ of titular mistresses, ordinary mistresses, mor¬ 
ganatic wives, even of intriguing legitimate wives—to say 
nothing of the swarms of soldiers of fortune, mercenaries, 
financial and medical quacks, official and unofficial diplomats, 
spies, pimps, lackeys, gamblers, blackmailers and astrologists 
who thronged their courts* As a rule these elements carried 
on their intrigues silently and secretly; while they pulled the 
strings the monarch seemed to take action* Hence it was 
easily possible to maintain the fiction of his omnipotence 
before a public largely Illiterate and taught to obey implicitly 
by the priesthood. 

Next to the reality of absolute power belief in its existence 
is a political asset of the highest value* Contemporary 
dictators are quite as well aware of this fact as were the 
despots of the Eighteenth and earlier centuries. All the 
resources of the controlled press and radio, of orator^'^ and 
mass demonstrations are employed to magnify popular belief 
in the unlimited power of the Ducfs and Fuhr^rs of to-day. 
Later in considering the question to what extent dictators 
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actually dictate. It will be necessary to note the sources of, 
and the restrictions upon, their power. Here it suffices 
to say that while free from many of the archaic forms of in¬ 
fluence which were brought to bear upon absolute monarchs, 
they are compelled to deal with a variety of other more modern 
and more efficient kinds of pressure groups. 

Present-day dictatorships run very grave risks because, 
unlike despotic monarchies of earlier centuries, they have 
failed to provide for a definite line of succession. Hence the 
likelihood of revolution at the death of the dictator; Indeed, as 
the case of Primo de Rivera shows, revolution may not wait 
upon that event. A double risk is thereby incurred. The 
dictator comes In by revolution; in all probability his death 
will be followed by revolution. Of course one may cherish the 
pious hope that these upheavals will not be too bloody and 
devastating. Still the likelihood of two revolutions within 
the life-time of a single man, or perhaps within an even shorter 
period, is a rather formidable handicap for this type of govern¬ 
ment to carrj'. 

Of the contemporary dictatorships in Europe one only— 
Soviet Russia—^has survived a change in rulers. Upon 
Leninas death in 19H> hardboiled Stalin succeeded In 
overcoming his brilliant but too oratorical rival, Trotzky, In 
spile of the theoretical subtlety of the latter he lacked a 
strongly organized following and was quickly sent into exile 
by the Bolshevik analogue of a palace revolution. There was 
no civil war; no conflict occurred anywhere in Russia outside 
the higher circles of the Communist party, and even that was 
waged with words rather than with weapons. With this 
precedent in its favor the expectation of life of the Soviet 
dictatorship is perhaps better than that of any other govern¬ 
ment of the same type. Since his accession less than two and 
a half years ago Hitler has been so engrossed in efforts to 
consolidate his power that no formal provision for the choice 
of a successor has been made; however according to a news 
report of August 31, 1934, the German dictator personally 
favors Rudolf Hess, 
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Mussolmfs utterances on this vital matter of policy have 
usually been charaetcriaed by a sort of egotistical skepticism. 
As late as 1932, he told an interviewer: “I think that there will 
not be a second or that, if he appeared upon the scene, 

Italy would not put up with him.'*' A more recent report, 
however, has it that upon the death, resignation or disappear¬ 
ance of Mussolini, the Grand Council of the Fascist party is to 
present a panel of three names to the King, from which he will 
choose the nerv dictator.* Of course this rather artless device 
does not guarantee a peaceful transfer of power. At the 
last moment the King might balk, preferring to regain his 
former position in the state; or. If he played the part assigned 
him, it is still more likely that the two rejected nominees 
might join forces against their successful rival. In any 
event underground plotters, aided by returning emigres, 
would be sure to seize so favorable an opportunity for counter 
revolution. 

It is easy to understand the reluctance of dictators to 
provide for a definite succession notwithstanding that neglect 
to do so may bequeath a civil war to their fellow countrymen. 
Mussolini’s conduct has repeatedly exhibited the motives 
that, although unavowed, nevertheless operate in such cases. 
Like all other rulers of his type he is jealous and afraid of 
younger leaders of his own party. And with good reason, 
since any one of them possessing the peculiar abilities which 
are requisite for the job would not cherish the slightest scruple 
about seizing power for himself.* Dictators achieve domi¬ 
nance by the remorseless snuffing out of rivals; thereafter, in 
spite of the common belief that they are strong men, they 
spend their lives in constant terror of the same fate. In the 

^ Emil TMs mik MuisoUnij ^93S* P- ^ 

^ Accordirke to rumor tie panel has b«n drawn up atrcidj^j MussoIIdI being pmentp 
of courte, when diis wm done, Naturally thens i< much ^petulicioxi in Italy jij to the 
mines- appearing on It. One is said to he that of Count Sr.^ whose son is the 

husband of the dietator'a favorite chiidp Edda. Thus dynastic dreams on the part of 
ihe Ihicr arc coyljrintimated^ S« '-Fortune/* vol, x, ivOr i, Si {July t934)- 

* Afl In the caeca of dcBono, Balbo^ Grindi^ BiAnchi, Glunta, Farinacci* Turatl* 
Giutlati and numernus Icwer lights. Srt “^Thc CtlSD^ of the Guard/" in FoTturWi p. 
ibid. 
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case of Hitler^ who may” be strong but who certainly is given to 
hysteria^ the result was the remorseless butcher}'” of Itis own 
party colleagues to the admitted number of seventy-sev'cn 
on June 30, 1934. Under such circumstances it seems vain to 
hope that dictators will ever deal adequately with the problem 
of succession^ On this important point their system is 
manifestly weaker than that of well-established monarchies 
or democracies in which kings of widely differing characters or 
premiers and presidents of opposing political parties succee# 
each other without the slightest disturbance. 

The second major difference between absolute monarchs 
of the Eighteenth and earlier centuries on the one hand and 
contemporary dictators on the other is that the former ruled 
by right divine whereas several of the latter have always been 
more or less at odds with ecclesiastical authority. Up to the 
time of his assassination^ July 25^ 1934^ Dollfuss^ a sincerely 
pious Roman Catholic^ was the principal exception to the 
latter part of this rule. Soviet Russia^ indeed^ went farther 
than any of the other dictatorships j it attacked not only the 
established church but also religion Itself* By persecution 
and propaganda the Bolsheviks have destroyed belief among 
large masses of the people; they have even succeeded in 
dressing up their communist dogma with red ceremonials so 
that it serves as a matenalistic faith. Curiously enough 
Mustafa Kemal has been almost equally drastic in his dealings 
with Mohammedanism in Turkey. 

In Italy on the other hand Mussolini quietly abandoned 
the blatant atheism of his salad days and on June 1929^ 
entered into an alliance w^lth the Church*^ Subsequently^ 
however, the Duc£ and the Pope have had nunierous heated 
controversies in the course of one of w^hich the Holy Father 
did not hesitate to refer to his antagonist as ^*the devil in 
personJ^® Hitler, himself nominally a Roman Catholic, fol¬ 
lowed Mussolini^s example by making a concordat with the 

^ For English iramlations die icitA of the AEgncd On diat date, see: 

Tc^ay, No. 5 

* Cf. Geor^ge Sdldet^ TAr YftUrJay —Yortp 193J* 

p. jSs. 
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Vatican^ However its observance by Nazi authorities has 
been so unsatisfactory that tension increases day by day. 
Neither has the situation been improved by the Fuhur*s habit 
of sending priests to concentration camps, nor by his Inclu¬ 
sion of leaders of the Catholic Action group among other 
victims of the massacre of June 3O;, 1934- 

It is from the side of the German Protestants, howev^er, 
that Hitler has met the stiffest resistance. They objected 
Strenuously to reorganization under Nazi control; neither are 
they favorably impressed by the religious vagaries fostered by 
certain leaders of that party. Many of the latter advocate 
substitution outright of the warlike Wot an for the Christian 
deity; others adhere to a Germanic-Xordic- faith which, of 
course, would exclude all non-Aryans utterly; still others, who 
call themselves German-Christians, wish to abolish the Old 
Testament ih and to revise the New Testament by deleting 
the “superstitious portions** and inserting a “heroic, fighting 
Christ.^* However the most extreme development of Nazi 
novelties in the religious field occurred late in ^934, when Hess^ 
Ley, Rosenberg, von Schirach and other party leaders organ¬ 
ized a politico-religious corporation. The avowed purpose of 
this curious combination is to set up Adolf Hitler and the 
Third Reich as divinities who are to receive the adoration of 
the German people.^ 

In general, therefore, the aim of the more important 
dictators of the present day has been either to abolish religion 
or to bring the church under their domination, or at least, as 
in Italy, to secure its cooperation* Not that dictators are 
necessarily irreligious or anti-religious at heart; however, 
having set up a totalitarian slate, they do not dare tolerate 
any organization with wide influence over the masses which 
might foment opposition to their absolute power. The same 
principle applies, as will be shown later, to political parties, 
to trade unions and cultural groups of every description 
which do not surrender unconditionally to the new regime. 

Dictators are not alone, however, in advocacy of the cult 
of absolutism. Various churches, particularly the Roman 
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Catholic church, are also devoted to it, which means good 
liunting when the two powers, spiritual and temporal, are 
agreed; for example, both Mussolini and the Pope are willing 
enough to cooperate in making life miserable for liberals. 
Socialists, Communists and Free Masons. But it also means 
conflict, the particularly envenomed sort of conflict that can 
be waged only between absolutes, when the two do not agree. 
Now'here is this more evident than in the innumerable strug¬ 
gles that have broken out over youth organizations. Modern 
dictators, as we have seen, aim to perpetuate the systems 
they have established; hence their constant efforts to train 
the whole of the on-coming generation in accordance with 
their point of view. Regarding itself as eternal the church 
also has never lacked solicitude for the proper upbringing of 
youth. Conflict between the two on this score is, therefore, 
irrepressible so long as both survive. 

Although contemporary dictatorships thus differ sharply 
from the absolute monarchies of earlier centuries, first, in their 
attitude toward succession, and second, in their relation to 
the church, nevertheless the resemblances between the two 
far outweigh the differences. It is primarily the absolutism 
aimed at by both which makes them brothers under the skin. 
One is quite justified, therefore, in referring to our present- 
day dictatorships as reactionary. Politically they are throw¬ 
backs to the period preceding the French Revolution. At this 
point, however, a distinction must be drawn between dictator¬ 
ships of the left ’which build up from labor and peasantry, and 
dictatorships of the right which build down from the higher 
classes of society’—large capitalists, landowners, army officers, 
and the like. Soviet Russia is the only example of the former 
type; nevertheless in the political sense it is, like Fascist 
dictatorships of the right, also reactionary. Nor can it be 
denied that the present Communist regime ia quite as ab¬ 
solute (and a great deal more energetic in action) than the 
former Czarist regime. In economic policies, however, the 
Bolsheviks have developed a radicalism of the most funda¬ 
mental character; thus the U. S. S. R. combines political 
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react i on w ith ext reme econo m ic ra d icalism. F a s cis t dictator- 
ships on the other hand, have devoted themselves strenuously 
in the main to the maintenance of the status quo—indeed we 
are constantly assured that they alone can preserve private 
property and the capitalist system against Communist 
attacks; hence they represent a combination of political 
reaction with economic conservatism. Perhaps the latter term 
is too mild; certainly if one takes into account what Alussolini 
and Hitler have done to the trade-union movements in Italy 
and Germany it is not too much to label them economic 
reactionaries rather than economic conservatives. 

Since the resemblances between absolute monarchies and 
contemporary dictatorships are so great why should not 
attempts be made to transform the latter into the former? 
As a matter of fact that is exactly what Cromwell and the two 
Napoleons did try to do, all three of them without success. 
Such attempts are less likely at the present time; the prestige 
of monarchy is not great enough to make it worth while. 
In the case of Soviet Russia it is manifestly incompatible with 
communist ideolog}\ As a rule even Fascist dictators, 
prior to their achievement of power, have sought the support, 
among other disgruntled elements, of Social Democrats. 
Since the latter arc as much democrats as they are socialists, 
any effort on the part of a Duce or Fukrtr to assume the crown 
might result in embittered opposition. Moreover the sort 
of government our contemporary dictators have set up re¬ 
quires a succession of strong men if it is to prove permanent. 
Since sons of dictators are not likely to be chips of the old 
block hereditary succession is too dangerous to contemplate 
seriously. 

The policy of Mussolini in retaining the Italian monarchy 
together with various other institutions which antedate his 
march on Rome, suggests the possibility of restorations else¬ 
where. It is noteworthy, however, that the royal power of 
the House of Savoy, never great under the StaiutOf is per¬ 
mitted to survive only in mummified form. As Fascist 
countries, Austria or Germany might seek to extricate them- 
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selves from grave difficulties hy recalling some scion of their 
former ruling houses. Short of impending ruin however, no 
dictator is likely to take such a step. Even though the mon- 
archs thus restored were permitted only to reign, not to 
govern, they would, if possessed of any real ability, become 
potential sources of resistance to the dictator. In case the 
latter were to commit some grievous error, opposition forces 
would mobilize at once around the king, urging him either to 
appoint another dictator or, better still, to assume absolute 
power himselL 

Definitions of dictatorship usually presuppose a condition 
of emergency prior to Its establishment. However it must 
be remembered that advocates of this type of governmeiil are 
notoriously inclined to magnify the perils which make it 
necessary for them to step in to save the state. Certainly 
It can not be maintained that every emergency, regardless of 
its extent or duration, j ustifies resort to dictatorship. Desper¬ 
ate remedies arc for desperate diseases only. Moreover an 
emergency may be of the most serious character and yet be 
met adequately in other ways. Thus the American revolu¬ 
tionary war, while menacing enough to the patriots, was 
fought by them to a successful conclusion under a conspicu¬ 
ously weak and diffuse confederate government. Possibly a 
dictatorship—although such a thing is scarcely thinkable, 
given the time and the people — might have brought the 
struggle against the mother country to a victorious end much 
earlier. In that case, however, our ancestors would have 
found themselves compelled to undertake a second revolution 
later on in order to get rid of the dictator, instead of settling 
down peacefully as they did in due time under a strong federal 
constitution. 

Various other periods of emergency have been met by 
free peoples without resort to dictatorship, e.g., the Sonder- 
bund war of 1847 in Switzerland, the Civil War In the United 
States, the World War so far as France, England and the 
United States were concerned. In all such cases it is un¬ 
deniable that the executive arm of the governments concerned 
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received a large temporary accession of power; afterwards, 
however, the normal balance between various constitutional 
organs. Including particularly the legislative which receives 
power directly from the people, was restored. 

It is not the case, therefore, that alt emergencies encoun¬ 
tered by democratic stales result in the establishment of 
dictatorships. Hence one must inquire why certain emer¬ 
gencies have that effect while others do not. Apart from the 
eitent, duration and suffering entailed by an emergency, the 
most important single Factor seems to be the political training 
in self government of the people concerned. Neither the 
Russians, the Italians, nor the Germans had enjoyed any 
long training of this sort; indeed they turned to absolutism 
precisely in the order that such training was lacking. First 
to take that step were the Russians, and it may be pleaded in 
extenuation that they had been habituated to Czarist autoc¬ 
racy for more than four hundred years. Second in order of 
time were the Italians who had enjoyed a very limited measure 
of popular rule under the Statuto of iS4S- It was not until 
1912 that they received the grant of manhood suffrage. 
Meanwhile their parties were numerous and weak, being the 
personal following of strong leaders rather than well organized 
groups devoted to certain principles and policies. Third in 
acceptance of dictatorship were the Germans who had been 
given manhood suffrage as early as t 867> Even under the 
Hohenzollern emperors from 1871 to [918, they developed 
a strong party life which was extended and greatly increased 
in power during the existence of the Weimar Republic from 
1919 to 1933. It is factors such as these which explain the 
long resistance of the Germans to the seductions of Hitler; 
further they explain in large part the manifest shakiness of his 
regime although it has been in power less than two and a half 
years. 

So far as the extent, duration and suffering entailed by an 
emergency preceding the establishment of dictatorship are 
concerned, a maximum case may also be made out for the 
Russians. Considering the terrible losses inflicted upon them 
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during the World War—to say nothing of the ccnturies- 
old tyranny, corruption and inefficiency of the Czarist 
regime—the only wonder Is that the Romanoffs were not 
overthrown at a much earlier date. Italy’s case Is far less 
convincing; it did not enter the war until i 9 tSi out on 

the vrinning side and received a large part of the spoils for 
which It had bargained. Other nations took the losses and 
hardships suffered between 19^4 19^8 with a degree of 

sang froid; long before the rise of Mussolinrs star, however, 
the statesmen of the peninsula whipped their fellow country¬ 
men into a state of acute indignation over their alleged un¬ 
requited sacrifices. As for the economic wounds inflicted 
upon Italy during the World War it is quite clear that they 
had begun to heal before the March on Rome.* Germany’s 
plight after 1918 was far worse than that of Italy; it had lost 
the war after heroic efforts, gone through a revolution, been 
deprived of territorj' and subjected to heavy reparations; 
later it was made to suffer all the consequences of unlimited 
inflation. Nevertheless it took Hitler fifteen years to con¬ 
vince something approaching a majority of the people that 
his famous stab-in-the-back theory was correct and that Nazi 
dictatorship alone would restore their power and prestige. 

In considering the emergency argument as raised by 
advocates of dictatorship one must not forget that to the 
argument they always add their most strenuous efforts to 
make actual conditions worse. Bad as things were in the 
Russia of 1917, and to a much less extent in the Italy of 1912 
and the Germany of 1933, still it is evident that the revolu¬ 
tionary elements in all three countries deliberately endeavored 
to cripple the existing government, to foment violence and 
disorder, and thus to increase the misery of the people. 
Their theory was “anything to win,” relieved only by the 
pious hope that the particular brand of salvation they 
preached—Communist or Fascist—would atone for all lives 
lost and for all material damages. A people possessing 

t Mulwimi hSmsclf Adnuiinl tkii iti dtfi P&p&£9 of ic^ iqia. Cf. 

Gr Siilveminip Tkt fasciii DictiUcrAip in Italy^ Xew York, 
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politiciil common sense and some c:!cpericnce of self-govern¬ 
ment would hjve seen through tactics of such crudity, 
Nevertheless tiey were completely successful m the three 
countries under consideration. 

With absolute power finally in his own hands the new 
dictator must decide promptly what is to be done with the 
remnants of the former government. For some time^ that 
is until he can train a sufficient number of his followers, he 
must depend for technical services upon the rank and file of 
the old bureaucracy, meanwhile officering it with his more 
trusted lieutenants. As to policy-determining organs of the 
former government, action has taken various forms. In 
Russia the Communists made virtually a clean sweep of 
the ancient Czarist structure, replacing it with their own 
completely new Soviet system* So far Mussolini has retained 
Crowm, Senate and Chamber of Deputies; recently however, 
he referred to the last named as anachronistic” and an¬ 
nounced his intention to substitute for it one of his novel 
creations, the National Council of the Corporations. In 
addition he has set up the Grand Council of the Fascist party 
and, largely on paper^ his so-called Corporative State; all the 
foregoing structures, old and new alike, being thoroughly 
under the Duc£*s control. After making it an almost one 
hundred per cent Nazi body Hiller continued the Reichstag; 
the presidency was also retained until the death of Hinden- 
burg whereupon the dictator annexed the powers but not the 
title of that office to himself as F£hr^f and Reich Chancellor.^ 
In short It is the general rule of dictatorship either to abolish 
the organs of the old government, or, if some of them be 
deemed worthy of retention, to provide for their complete 
subjection to the power of the new chief of state. 

As monopolists of power to the most extreme degree 
possible, dictators naturally exalt the executive o^-^er all other 
organs of government. Legislatures become sounding boards 
for their orations and rubber stamps for their decrees* The 

decree of AupiBt i, 1914^ sfinctioned by the pkblicitc held qq the 19LI1 
of die lame month* 
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judiciary may be permitted to carry on its former processes 
in ordinary civil and criminal cases but in two particulars it 
must be subservient to the wishes of the dictator; first, it 
must punish the enemies of his regime with Draconic severity; 
second, it must find loopholes of escape for criminals who 
have served his ends. If the established courts do not meet 
these requirements special tribunals are created which can 
be depended upon to function satisfactorily. No more 
illuminating utterance on the attitude of dictators toward the 
judicial power has ever been made than Hitler’s stammering 
statement following the butcher^' of his own followers, June 
30, 1934^ “In this hour I was responsible for the fate of 
the German Nation, therefore the supreme court of the 
German people during these twenty-four hours consisted of 
myself.”' 

In the light of the above facts dictatorships may now be 
compared with the parliamentary and the presidential types 
of government. Under the parliamentary type the legisla¬ 
tive dominates the executive theoretically at least; in any 
event an adverse parliamentary vote on any important issue 
compels a change of ministry. Under the presidential type 
the executive enjoys a fixed tenure and acts within the sphere 
of power assigned to it ordinarily without encroachment; 
each of the three great organs of government—legislative, 
executive and judicial—while subject to certain checks and 
balances, is supreme in its own field, Under both the parlia¬ 
mentary and presidential systems final power rests with the 
people acting through free elections. Dictatorship is clearly 
set apart from these two types of government. It exalts the 
executive above all else; the legislative may be sent home or 
abolished, or, if permitted to hold sessions, is made subject, 
together with the courts, to the executive, Finally, and most 
important of all, methods of popular control are adopted 
which can be depended upon to make the voice of the people 
the voice of the dictator so long as he remains in power. 

^ I Time/, Juljr 14, 1534, p, 
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Similarly absolute executive control of all local government 
organs is essential under dictatorship-’ 

Dictatorial governments suffer therefore from hyper¬ 
trophy of the executive and concurrent atrophy of the legisla¬ 
tive, the judiciary, and local administration generally. They 
justify this pathological condition positively by the alleged 
existence of an emergency and the need of a strong man to 
overcome it. Negatively they pick flaws in the more deliber¬ 
ate processes of legislation and Judicial determination, point¬ 
ing out the everlasting flow of parliamentary oratory in the 
one case, the libraries bursting with court reports in the other, 
and emphasizing particularly the evils of delay, evasion and 
compromise in both cases. 

Unfortunately this somewhat hackneyed line of argument 
overlooks the grave dangers of executive absolutism. “The 
primaiy^ vice of dictatorship ... is action without prior 
criticism of the proposals involved.” * Not only is prior 
criticism in parliament suppressed; it must be remembered 
that opposition parties and the public press are subjected to 
the same treatment. Moreover so long as their power lasts, 
dictatorships habitually suppress criticism after as well as 
before action is taken. Thus “a long train of abuses and 
usurpations” both against individuals and social groups may 
take place without redress except by counter-revolution. 

By far the greatest danger of “action without prior 
criticism” lies in the concentration of the power to declare 
war in the hands of the dictator. It is true that none of the 
democracies of the world has gone so far as to provide for a 
popular referendum on this momentous issue. Nevertheless 
in all of them the declaration of war requires a parliamentary 
vote, which in the nature of the case is preceded by a large 
volume of free discussion by party leaders, in the press, and 
among the masses of the people. None of these safeguards 
exists under dictatorship. Decision rests solely with the 
dictator after he has listened to such advice as is available from 

^ Fdr dcEzitft to Gennsflyf Italy axid Ruiaia, the author^i ZV/tW Ui fnttn 

* H. J. Lasklj Cliapi*l N, 1935^ p. Si* 
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h i 3 ha nd-pk ked camarniaofcnie-partychitftains. Theconse- 
quence may well be, as in the case of Louis Napoleon, a Sedan 
debacle. Far worse, however, is the possibility that a second 
world war, involving nations regardless of their forms of 
government, may result from hostilities thus undertaken, in 
the last analysis, upon the decision of one man. 

As a rule, moreover, dictators foment a warlike spirit and 
therefore run considerable risk, whenever foreign relations 
become tense, of being caught up by it and hurled into danger¬ 
ous adventures. Military discipline naturally appeals to 
them more strongly than to other rulers; gladly would they 
extend the habit of unquestioning obedience to the civilian 
masses of their peoples. At all times It is vitally necessary to 
keep the regular army on their side; In addition some of them 
maintain private armies of their black-shirted or brown- 
shir ted followers. Further, the youth organisations which 
dictators foster with peculiar solicitude are semt-mllltary In 
character. To inspire all these armed groups with the proper 
martial spirit, and Incidentally to Impress upon civilian 
citizens the threatening danger of foreign attack against 
which they are taught that the dictator and his regime are 
their only protection, more than a little saber-rattling Is 
nccessaiy", also constant drum-and-trumpet oratory. From 
jingo speeches to ultimatums is a short step; neither Is It easy 
for a dictator to back down in the face of followers to whom 
he has preached warlike virtues incessantly. 

Various cautionary factors reduce the danger from this 
source to some extent, however. Intending to retain per¬ 
sonal power as long as they live, also If possible to perpetuate 
their newly established regimes after them, contemporary 
dictators have reason to be wary of actual hostilities. Long 
established governments like the greater democracies of the 
world may hope to 5ur\'ive military defeat. On the other 
hand nothing is more certain than that a dictator who loses a 
war also loses his power. Even If lucky enough to escape Into 
eille he Is doomed to witness the downfall of the “imperish¬ 
able'' regime he established. 
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Other factors both personal and general are Involved, 
There are marked differences in the characters of dictators; 
at anj^ given time each of them faces a special combination 
of circumstances. So far as Russia is concerned a peace 
record of eighteen years standing^ maintained recently In 
spite of numerous provocations by Japan* is fair evidence that 
Stalin and his immediate associates are too thoroughly en^ 
grossed with the “building of socialism*^ to desire any actual 
test of the fighting strength of the Big Red Army. Mussolini 
also has kept the peace since 1922, As age overtakes him he 
seems somewhat less inclined to truculent utterances such as 
were so frequent during his earlier years of power; neverthe¬ 
less his recent attitude toward Ethiopia is far from reassuring. 
Both Stalin and Mussolini preside, albeit with considerable 
friction, over regimes which, for the time being at least* seem 
to be going concerns. History indicates that it Is the dictator 
facing internal disintegration who Is most likely to resort to 
war, no matter how desperate the outlook, in the hope of 
concentrating power again in his own hands. It is precisely 
this situation* which* coupled with his life-long advocacy of 
violence, makes Hitler so great a menace to European peace 
at the present time. 

One of the most striking characteristics of contemporary 
dictatorships is the one-party system which they have es¬ 
tablished. It distinguishes them sharply from earlier govern¬ 
ments of the same type which were based primarily upon the 
army. Of course all former dictators, Cromwell and the 
first Napoleon for example, dealt harshly enough with their 
political adversaries. However they were military men par 
they gained power by military coupj and 

sustained themselves therein at bottom by the same means. 
In a sense they disproved the old adage that “you can do 
anything with bayonets except sit on them.’' Moreover 
political parties as at present developed were unknown in 
iheir times. The contemporary dictator who prefers a ballot- 
box—that is a ballot-box which he can manipulate at will—to 
a sword* may thus seem to represent a certain advance over 
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his epauleted predecessors. As James Bryce points out, 
however, in South America, where a similar development has 
taken place, the principal result was the substitution of fraud 
for force. ^ 

In several important respects the two-party or multi¬ 
party systems which have long existed in democracies, differ 
sharply from the one-pariy systems which have been set up 
recently In Russia, Italy, Germany and other contemporary 
dictatorships. The primary function of the former is to make 
nominations to public office. .Afterward campaigns are 
w'aged in support of candidates. Between elections each 
party brings pressure to bear upon the government in support 
of its principles and policies. Granted that there is much 
corruption, chicanery, misleading propaganda—at times even 
some violence—in these processes, nevertheless they are 
carried on in the open, as a rule peacefully, and they do 
ventilate in thorough-going fashion the merits of opposing 
measures and leaders. In order to win elections appeal must 
be made to the whole or at least to a large body of voters. 
Under democratic conditions, therefore, parties cannot afford 
to be exclusive. 

On the other hand the one-party system which exists 
under a dictatorship is concerned with nominations and the 
carrying of elections to a negligible extent only. The former 
are taken care of by the high command j as to the latter victory 
is certain since there is no opposition. Stress is laid, of course, 
on getting out all the voters and on winning as high a per¬ 
centage of the total as is possible—or credible. To be sure 
the one-party w'orkers make themselves useful in these ways, 
resorting not only to propaganda but also to violence and 
terrorism on a scale undreamed of even in the most boss- 
ridden wards of American cities. Never are they employed in 
campaigns of education; the last thing that any dictator 
desires is an electorate which Is alert and well informed on 
public questions. 

Between elections and plebiscites, moreover, the functions 

* ’intern Drmomicirf, Ntw Yort, IJl?, toL i, p. 107. 
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of members of the one-party system in a dictatorship are quite 
unlike those performed by members of the two-party or multi¬ 
party systems in democracies. Uniformed at least as to 
shirts—brown, black or what not—they take part in incessant 
parades and demonstrations, forming a background and to 
some extent a body-guard for the dictator. The thugs in 
their ranks are kept busy committing murder and mayhem on 
Opponents of the regime, incidentally settling many private 
grudges at the same time. No dictatorship can survive with¬ 
out constant and universal spying; party members and even 
auxiliancs from the youth organizations are employed to aid 
the secret police in this unsavory tvork. 

For these manifold and essential services rewards must be 
provided. The result has been an application of the spoils 
system on a scale hitherto unknown in the administrative 
service of European countries. In addition to this official 
patronage new jobs are created for the faithful in corporations 
and syndicates; pressure is klso brought to bear on private 
employers to provide places for deserving black or -brown 
shirts. 

One characteristic activity of party members in a democ¬ 
racy—the effort to influence government in accordance with 
party principles—is severely restricted under dictatorship. 
In his ascent to power the dictator is obliged to promise every¬ 
thing; hence his following is motley and discordant. Once 
arrived at his goal, however, definite decisions have to be 
made and factional discontent Is certain to be the result. 
Hiller in particular illustrates this principle; between 191S 
and 1933 he appealed both to peasants and to large land 
holders; both to labor and to the great industrialists; he was 
both anti-Marxian and strongly national-Socialist, Since his 
accession to power he has broken with his left-wing followers, 
thus earning the embittered, even if concealed, hostility of 
many who worked and fought for him in the sincere con¬ 
viction that his heart beat only for the common people. 
Naturally also many careerists attach themselves to a dictator 
on his way up. When his success is assured e'l'cn members of 
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opposing parties make haste to join the one-party ranks 
either for protection^ or to bore from within, or merely to 
share in the loaves and fishes. 

With such self-seeking and mutually antagonistic ele¬ 
ments to contend with among their own followers it is not to 
be wondered at that dictators feel themselves compelled to 
resort constantly to chistkai^ cleansings, limitations of mem¬ 
bership, banishment or imprisonment of factional leaders^ 
even to mass murder as in the Hitler purge of June 30, 1934, 
or to mass executions as in Soviet Russia following the assas¬ 
sination of Kirov, December i, 1934. Parties in democratic 
countries, as we have just noted, cannot afford to be exclu^ 
sive^ under dictatorship they must be kept relatively small, 
othenvise discipline vanishes. It is a curious fact that the 
membership of the one-party systems in Russia, Italy and 
Germany is but little larger in proportion to population than 
the membership of political committees made up of active 
partisan workers in the two old parties in the United States^ 
It is no doubt true that the Cornmunist party in Russia and 
the Fascist parties of Italy and Germany have many sym¬ 
pathizers in the general public outside, nevertheless these 
parties are made up exclusively of partisan workers and there¬ 
fore resemble the machines of certain of our boss-ridden cities 
and states rather than parties in the proper sense of the word; 
for the latter must include not only such leaders and lieuten¬ 
ants as may be necessary but also a large rank and file 
member sh Sp¬ 
in addition to disciplinary measures exerted over their 
one-party membership, dictatorships have been notoriously 
severe in stamping out opposition parties. The latter are 
liquidated, suppressed, dissolved, absorbed; their leaders are 
exiled, sent to DeviTs Islands, thrown into concentration 
camps, deprived of property and citizenship, tortured, mur¬ 
dered- Similar severities are meted out to leaders of other 
opposition groups, racial, religious or economic. Violence 
becomes the order of the day; neither is it a temporary initial 
violence such as ilachiax^ellt counseled, but rather sporadic 
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violence based on the famous maxim of the Kilkennjr fair. 
Even when for the time being there is no visible opposition 
head to hit, unlimited terror and espionage must be loosed 
upon the population. There is no freedom of discussion or 
of the press so far as the purposes of the dictator arc con¬ 
cerned; on the other hand there is a never ending monotonous 
one-way propaganda by radio and by subservient papers in 
glorification of his person and in favor of his policies. Schools 
from the kindergarten to the university are made the agents 
of political indoctrination; almost from the cradle onward the 
coming generation is goose-stepped into acquiescence by 
triple-ply youth organizations. Education is debased; phil¬ 
osophy and the social sciences are compelled to bow to the 
powers that be, while emphasis is laid upon applied science, 
technology, the art of warfare, and, in Germany, upon the 
spurious anthropology which is called “racial science.” If 
dictatorships endure for any length of time the greatest 
loss they will inflict upon the peoples subject to them is the 
retrogression they will cause not only in the art of living but 
also in the arts of making a living due to the neglect of 
philosophy and the pure sciences. For wnth the neglect of 
philosophy and the pure sciences technological progress is 
impossible. And without technological progress civilization 
as we know it must come to a standstill. 

Dictators never wax more eloquent than in the oratorical 
denunciation of democracy. Nevertheless they have resorted 
to elections and plebiscites with a frequency approaching, 
and in some cases exceeding, that of the governments they 
overthrew. In Russia, for example, millions of workers and 
peasants who never went to the polls before, have been voting 
constantly'—always, of course, under the Communist one- 
party system—ever since the Bolshevik revolution of 19 ^ 7 - 
Mussolini who of all dictators has gone out of his way most 
frequently to express utter disdain for democracy, has held 
three general elections since the March on Rome in 1922. 
Hitler always spoke with w'ithering contempt regarding the 
frequent elections which marked the last years of the Weimar 
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Republic; however within the nineteen months after he be¬ 
came Chancellor the German people were called to the polls 
more often than ever before in the same length of time. 

Even more remarkable than the frequency of popular 
votes under dictatorship is their approximate unanimity^ In 
the election of 1802, Napoleon Bonaparte's list of candidates 
received 99^766 per cent of the total number of ballots cast. 
Mussolini scored an even greater tdctoiy in his third election 
for the Chamber of Deputies held in 1934, when the hand¬ 
picked Fascist slate achieved a percentage of 99*882+ In 
the plebiscite on foreign policy and the Reichstag election 
of November it, 1933j Hitler rolled up percentages of 93.4 
and 92.2 respectively. However in the plebiscite of August 
19, 193+t ratifying his assumption of presidential powers, he 
won with slightly less than 90 per cent of the total number 
of ballots cast^ — ^a result which* although hailed by his sup¬ 
porters with frenzied Jubilationj is $0 far below the best 
standards of dictatorship as to indicate danger ahead. 

A certain suspicion must always attach to majorities so 
nearly approaching unanimity^ especially when the whole 
election machinery, including the counting of ballots, is under 
the control of a single party. In Russia particularlyj senti¬ 
ment among the peasants who make up four-fifths of the 
population being what it is* one may well doubt even today 
that the Communists could carry the country in a free election* 
Similarly in other dictatorships there are masses of malcon¬ 
tents, members of former parties that have been suppressed 
or of groups that have been dispossessed and persecuted, who 
would vote against the existing regime if they dared. Tn the 
last anaEysis, therefore, the majorities achieved-^so far as 
they are truthfully reported- — must be accounted for largely 
by the violence, terror^ and unlimited one-way propaganda so 
freely employed under dictatorship. 

Why do dictators who profess to abhor democracy never¬ 
theless resort frequently to such democratic devices as 
elections and plebiscites? Frankly counter to their utter¬ 
ances as the practice is^ still it may be made to serve various 
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deceptive ends which they have in view. Unthinking ele¬ 
ments of the population are flattered by the belief that they 
have been called Into consultation on political Issues of great 
Importance. Why not permit them to Indulge this illusion, 
especially since elections and plebiscites can always be manip¬ 
ulated to show apparently ovenvhelming popular support of 
the regime? Further, no matter how misleading the victories 
thus gained, they can be interpreted brazenly both at home 
and to the outside world as evidences of the boundless admira¬ 
tion and support of the people for the dictator. To be sure 
these interpretations are heavily discounted abroad, but 
domestic sceptics must remain silent. There is, indeed, a 
possibility that certain popular tendencies revealed even by 
strictly controlled elections or plebiscites may be of value 
in determining the policy of the dictator. On the other hand 
he is likely to be misled by them into a false assumption of his 
own strength and security. Louis Napoleon, for example, 
thus deceived himself immediately before his downfall In 
1870. Finally the holding of elections under a dictatorship, 
no matter how completely they are thimble-rigged, affords 
some basis for the argument that, after all, it is fundamentally 
democratic. 

Government of this tyP*^ asserted to be fundamen¬ 

tally democratic on the ground that the dictator, being a 
man of genius, at all times presclently perceives and im¬ 
mediately realizes the w'ill of the people. It is, however, im¬ 
possible to believe that the above characterization applies to 
all absolutist leaders, past and present. Cromwell and 
Napoleon I were presumably men of genius, nevertheless 
their regimes proved to be short-lived- And contemporary 
dictatorships suffer from such severe internal stresses and are 
driven so frequently to the use of violence, terror and espion¬ 
age that their Duces and Fukrers seem to be anything but 
infallible interpreters of the popular will. In any event the 
people which permits one man to speak and act for it without 
effective control is certain to lose any capacity it may possess 
for democratic self-government. 
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Contrar}' to the above view which wouid make dictators 
merely mouthpieces and executors of the popular will, there 
is abundant evidence to show that dictators do dictat^within 
Umiis of course. Sometimes, indeed, they may represent a 
majority sentiment although there is no means of proving that 
faetj more often, however, they represent the views of certam 
groups to which they oive their elevation to, and maintenance 
in, power. Thus the effective support of Stalin comes largely 
from the industrial workers; the peasants have been at best 
the step-children of the Bolshevist regime. Tt would be 
most enlightening to have access to the ledgers of the indus¬ 
trialists, large landowners, bankers and war profiteers who 
financed Mussolini’s March on Rome in 193 Hitler’s 
indebtedness to somew'hat similar elements, particularly to 
the Thyssen steel, munitions and banking interests, is also 
beyond question. Undoubtedly it was at their command 
that the fukrfr later turned his back on all the fervent 
pledges of national socialism which had enabled him to ac¬ 
quire a mass following. 

In addition to groups of the foregoing character dictator 
must always consult the interests of tlie army, hence their 
strongly militarist proclivities. Hordes of camp followers, 
one-party leaders, black-shirts, brown-shirts, workers in the 
youth organizations—-must be kept placated by favors^ or, if 
necessary, rewarded by jobs. Of course political spoils are 
not unknown in democracies, but they must be more widely 
distributed and more frequently redistributed than in dicta¬ 
torships. In democracies, moreover, civil service systems 
are better able to resist executive attack. 

Of course no dictator rules purely in accord with his 
arbitrary likes and dislikes. He must consolidate the support 
of a sufficient number of important groups if his own power is 
to persist. Presumably he approves the ends which these 
groups have in mind; to that extent he is pursuing his own 
purposes when he favors their purposes. Particularly does 
this seem to be true of Russia where the favored groups were 
predetermined by Marxist theory. In Italy and Germany 
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the combinations supporting Fascism are far too motley to 
be explained on any ground except political opportunism; 
certainly Mussolini did not change his inner religious con¬ 
victions when he made his famous alliance with the Pope. 

One thing at least is certain, namely that the dictator must 
throw favors to the limited number of groups supporting his 
regime. So far as these consist merely of the spoils of office 
no great difficulty is to be apprehended, although the public 
service may suffer considerably. In dispensing economic 
perquisites, however, the dictator cannot avoid antagonizing 
large classes of the population. Regardless of his earlier 
campaign utterances Hitler, for e.tample, decides to favor 
Thyssen, the Junkers and owners of large department stores; 
he must therefore be prepared to suppress the discontent of 
workers, peasants and small shopkeepers. In short dictators 
rule by favor and terror, favor for a set of special groups which 
support them, their white-list so to speak; and terror, backed 
if necessary by violence and supported by far-flung espionage, 
for all other groups which, at the least suspicion of opposition, 
are relentlessly blacklisted. 

At this point the difference between democracies and 
dictatorships is sharply defined. The latter play favorites and 
practice repression; the former must endeavor to conciliate all 
groups since they grant universal suffrage, free elections, a 
free press, and the right to organize in parties and other 
associations. Conceded that some degree of favoritism exists 
in democracies—to capitalist interests, machine politicians, 
propagandist groups and the like; nevertheless' it cannot ride 
roughshod over less privileged groups. Finally, once having 
made a bargain with fate, the dictatorship must continue in 
association with its own specially favored groups to the end of 
the chapter. The violence and terror which it employs 
against opposition elements precludes alliance with them. 
Hence dictatorship seldom approximates the general will; 
nearly always it diverges sharply therefrom in efforts to coddle 
its own favorites, hence also an accumulation of errors with 
their resultant hatreds, until at last repression fails and the 
Irii^vliable breakdown occurs. 
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The principal counts in the political indictment against 
dictatorships may now be formulated as follows; 

They intend to retain power permanently, regardless of 
changes of conditions or of the popular will. Hence 
they deserve to be called despotisms- 
Thcy come into power by means of revolution at times of 
crisis—or of alleged crisis—which the party supporting 
them aggravates by every means at its disposal. 

They fail to provide for a definite line of succession, and 
are therefore exposed to a second revolution at the death 
of the dictator—or even earlier if his government proves 
insupportable. 

In pursuit of the totalitarian ideal dictatorships attempt 
to destroy or subjugate religion and the church. 

Whether radical or reactionary in their economic ends, 
all dictatorships arc reactionary In political organization 
and policies. 

They destroy or subjugate existing state structures 
regardless of the value of the functions which these 
structures perform; particularly do they attack legisla¬ 
tive and judicial organs and the local government bodies 
in order that executive power in the hands of the dictator 
may operate with the least possible restraint. 

As a result swift and sweeping executive action may be 
taken, but such action is likely to be unw'ise and destruc¬ 
tive to the last degree. 

Particularly is this true of the unrestrained power to 
declare w'ar vested in the dictator alone* moreover 
through bellicose propaganda addressed to the army, the 
people and the semi-military youth organizations, dicta¬ 
tors constantly foster the w'ar spirit. 

Dictatorships establish a one’party system, which in 
reality is a boss-ridden, spoils-seeking political machine. 
.All other parties are suppressed; their leaders are exe¬ 
cuted, exiled or thrown into concentration camps. 

The subservient members of the dictator’s one-party 
system have little to do in the W'ay of carrying elections; 
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their chief occupation is to march in parades, to man¬ 
handle and murder disarmed political opponents, to act 
as spies upon the large disaffected elements of the 
population. 

Freedom of speech, of the press and of the radio are sup¬ 
pressed; all are used for incessant, monotonous one-way 
propaganda in favor of the dictator and his policies. 
Schools are used to indoctrinate the young to obedience; 
academic freedom Is destroyed; science and research 
languish as a result; in the end technological advance 
must cease under dictatorship. 

Violence is ruthlessly resorted to ^vhenever necessary; 
terrorism and propaganda are unceasingly employed by 
dictatorships. 

Elections and plebiscites held under dictatorships are 
openly manipulated by the same means and are manifestly 
fraudulent. 

Dictatorships consult the wishes not of all groups of the 
population but of certain favored groups only—labor, 
the Communist party, the Red Army, the GPU and to a 
less eitent the peasantry in Russia; big business, big 
landlordism, the Fascist party and the army in Italy and 
Germany. 

Other classes are oppressed economically, and deprived 
of political rights and of civil liberties. 

In consequence of these policies common to dictatorships 
the least relaxation of terror and spying may lead to 
civil war. 

Contemplation of the above catalogue of political 
errors is enough to show that in number and seriousness 
they far exceed anything that may be charged against the 
democratic governments of the world. Jn short dictator¬ 
ships suffer from much the same combination of patho¬ 
logical conditions which Aristotle noted in the case of the 
ancient Greek tyrannies, and like the latter they will 
probably prove to be extremely short-lived state forms. 
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As to the final decision between democracies and dicta¬ 
torships one must fall back upon Hegel’s eitgeichUkle 

ist das Weltg/Ttckt*' Obviously the former suffer from many 
evilsj to survive the present period of widespread distress 
they must develop energetic action and an intelligent program. 
Great as are the difficulties confronting the democracies of 
the world it may be said in their favor that they have come 
through earlier economic crises successfully; moreover several 
have waged war on a large scale without fundamental altera¬ 
tions in their constitutions. On the other hand none of the 
contemporary dictatorships of Europe has met the latter test* 
Nor can any of them engage in warfare without the likelihood , 
of being crippled by internal disaffection and sabotage. It is 
true of course that these dictatorships emerged during a 
period of considerable material hardship. Extravagant claims 
arc made by propagandists regarding their success in dealing 
with, economic problems, particularly unemployment; never¬ 
theless living Standards have declined in Italy and Germany 
and are still extremely low in Russia. In spite of all their 
present difficulties the people of the United States, England 
or France have scant reason to envy any population living 
under dictatorship. It is not the purpose of the present 
discussion to consider in detail the economics of dictatorship; 
nevertheless there is little probability that any peaceful and 
progressive solution of the problems in that field can be 
worked out by a one-man government supported by a one- 
party system based on restricted class or racial groups and 
relying in the last analysis upon violence, terror, spying and 
propaganda, 

Even if dictatorships should succeed in establishing higher 
living Standards than democracies, they would still have to 
face the heaviest counts in the indictment against them—re¬ 
action in politics, liquidation of the opposition, fostering of 
the military spirit, destruction of liberty and tolerance, the 
maintenance of a system in which “basic decisions are frankly 
imposed by power groups and violence may subordinate 
technical intelligence in social guidance.” ^ 

* Trfndj, New Vark, vdr i, p. kjiiv. 
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“All things considered, however, violence is not the 
greatest of the evils entailed by dictatorship. That can be 
borne until, grown intolerable, revolt ensues. At bottom the 
worst offence of dictatorship is its vulgarity. Strip away 
the romanticised versions of itself concocted to gull the out¬ 
side w'orld, there remains only the lowest and basest concept 
of humanity. The dictator believes — his every word and 
action reveal it — that masses of men may be driven by force, 
cajoled by one-sided propaganda, seduced by purely material 
rewards. He believes, moreover, that such methods of social 
control will succeed permanently. In short he gambles that 
courage, intelligence and unselfishness are extinct in the hu¬ 
man race. If so, it would richly deserve dictatorship as a 
punishment for its sins. That it is not so is best pro^'en by 
the fate of dictatorships in the pastj it is likely to be proven 
anew in the not distant future by the fate which, despite their 
present parade' of power, threatens the equally obnoxious 
dictatorships of the present." ‘ 

^ Diitaimit PhiladclphSaj 1935, p, 54.1, 





PROBLEMS PRESENTED BY A STUDY OF FIREBALLS 
RECENTLY OBSERVED IN AMERICA 

CHAHLES P. OLIVER 
April JO, 

DuriN'C the past few years reports on over i,ooo fireballs 
have been received by the American Aleieor Society. Of 
these, probably 8o per cent had only one observation, the 
other 30 per cent having from two to an extreme case of 
nearly four hundred observations—^this last being the great 
Illinois fireball of 1929, July 25. Except on shower nights, 
fireballs come totally unexpectedly and they are in general 
seen only by persons w'lth little astronomical trainingj conse¬ 
quently only for a small number can any really useful results 
be calculated. However, in some cases we are fortunate, and 
enough good data are available for the calculation of heights, 
orbits, train drifts, and other quantities. Altogether data 
from 35 fireballs, most of them very brilliant objects com¬ 
parable to the Moon at various phases, have been worked up 
in recent years by me and my assistants. This paper attempts 
briefly to present some of the problems encountered and 
conclusions reached. 

First it is well to state what results of value may be 
expected. Meteoric bodies, whether they are fireballs, mete¬ 
orites, or merely so-called shooting stars, all come from 
outside our Earth and give us the one direct means of studying 
masses not of terrestrial origin. It is true that only the 
meteorite can be subjected to chemical analysis and mineral- 
ogical study, but by means of the spectroscope and by other 
methods something also can be found out about the other 
meteoric bodies. It is only with fireballs that we are directly 
concerned here. 

When the observations on a fireball, itself a bright object 
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and perhaps having a long-enduring train, are both numerous 
and good, we may hope to determine directly the following 
data : the heights of beginning and end points, the length of 
the path and its shape in our atmosphere, the velocity, the 
radiant point (or point in space) from which the object came, 
^ the upper and lower limit at which the train remained visible, 
the direction and velocity of drift of the train, and the orbit 
of the body in space. If variable velocity can be proved and 
evaluated in the path within our atmosphere, information as 
to densities at great heights may be derived. If a spectrogram 
is available, the constitution of the body may be determined. 
And finally, if the body actually reached the ground, Its 
fragments can be studied to determine composition arid 
^ructure. 

It will be noted that, strictly speaking, the information we 
obtain, with the exception of the orbit in space, is of more 
direct bearing upon the physics of the upper atmosphere than 
upon astronomy proper* Specifically, we are furnished with 
means for estimating relative atmospheric densities which 
’would cause observed retardations^ and ivhai is of greater 
importance, the train-drifts give us our main information upon 
wind directions and velocities at really great heights. 

M ith this brief outline of the subject, a few general results 
Will be indicated, and one case, which is typical and the most 
interesting, will be discussed In detail* For 33 fireballs now 
ready for discussion (omitting the two Leonids which were 
considered in a paper presented here in 1933), the average 
height of appearance was 140 km. and of disappearance 36 
km. The extremes of each are 241 km. and o km-, but 
neither extreme case is very certain. If the two Leonids are 
included, \wc find 6 cases in w^hich the train lasted from 3 
minutes to 90 or niorek Of these, 2 or 3 were certainly partly 
smoke trains' the others were trains that could not have been 
touched by the Sun^s rays. \ elocity and direction of train 
drift could be calculated for 4 cases, the three most reliable 
velocities being between 128 and 236 kmn per hour. Sound 
phenomena, sometimes of extreme Intensity, were reported 


A STUDY OF FIREBALLS 


m 




Pbdto,gnp}i5 of the hrctullV trato shovYin^ dnfc to the cajt reUttve to lower 
AtfTiosphjerk: cloii(ia. By C R- W«t, Timpaii C^lDraEfa. Lcni Lncii focuB+ 

Middle of irst picture appraiinuitely !□ defteej east of S. E. Train about lOde- 
gxm above bonzaa. Total Ltngth of train about 4s decree*, 

for 9 out of the 35. Eleven had their end or bursting point 
below 20 km,, and hence probably dropped meteorites upon 
the surface of the Earth, Several of these, however, were 
over water, so that there was no chance for recovery. Only 
for the fireball about to be discussed at length are fragments 
known to have been found. There is no doubt that a few of 
these 35 objects, at least when they burst, illuminated the 
vicinity with a light many times brighter than the full Moon, 
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Of course these eitremely brilliant ones are most exceptionaL 
Out of lo orbits cakuiated, only 3 showed retrograde motion, 
and 2 of these were Leonids. Orbits were calculated, however, 
only when the radiant was believed to be well determined. A 
large number of fireballs still await computation; naturally the 
above figures would be some’what altered by their inclusion. 

We will now discuss in detail the great Oklahoma-Tcxas- 
New Mexico fireball of March 34, 1933, the study of which 
brought in most of the points already mentioned. 

The Great Bolide of 1933, March 24 

Before sunrise on March 24, 1933, one of the most re¬ 
markable meteors of recent years passed across parts of 
Oklahoma and Texas and ended over New Mexico. Thanks 
to the American Aleteor Society’s having able regional 
directors in Arizona and in Texas, namely J. D. Williams and 
O. E. Monnig, more than the usual amount of data was 
secured. Another active member, A, R. Allen of Trinidad, 
Colorado (54O, also made personal investigations along the 
western part of the path and kindly communicated his results. 
He further sent an excellent photograph of the train. In 
addition, C, R. West of Timpas, Colorado C47), sent a set of 
eight equally fine photographs of the train, taken at intervals 
during the first half hour after the meteor passed. 

However, there were drawbacks. The object appeared at 
6:05 A.M., C. S. T., when twilight -was strong and stars invisi¬ 
ble. Also, although several A. M. S. members and others 
capable of plotting the path saw the train, most of them were 
awakened by the sound of the meteor and got to the tvindoivs 
too late to see the object itself. Therefore most of the reports 
of the path were from people who were never before called on 
for anything similar, and while they vividly remembered the 
effects and violence of the sounds, the colors, and the fact that 
the train endured a long time, their memories for exact 
directions and angles were naturally not so good. We 

* These number* in paneniheie* reference number* issigncd to itaiioDs ftoin 

vhieh obsEnratiotu were inide. 
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believe, however, that a satisfactory solution of the path itself 
has been obtained; unfortunately the calculations of the 
direction and velocity of train drift are not so conclusive. 

The first step of the solution was the usual one of de¬ 
termining the points under the two ends of the path by the 
obseiv^ed azimuth lines. Next the height of the end point was 
determined, using only the altitudes by observers very near at 
hand, and finally a series of heights was calculated for other 
points along the path, using the better visually determined 
altitudes. These altitude estimates were greatly reinforced 
by measures upon the photographs. Finally a straight Hue 
was drawn through weighted mean points in this series of 
heights,, which obviously gives the average slope of the path- 
A close study, however, shows it to be possible that for the 
first two thirds of the path the slope was about 4® steeper than 
the average, and that the path flattened out somewhat for the 
last third. In determining the radiant, nevertheless, it 
appeared best to use the average slope and ignore the possL 
bility of change of slope. 

In this way the following conclusions were reached: 

Time: 1933, March 34, 6105 a.m., C. S. T. 

Began over: X = 97^09' ip = 36^33' 

Ended over: X = 104 35 vi ^ 3606 

Ground Point: X = 104 35 = 36 04 

Height at Beginning: 141.2 km. 

Height at End: 16,6 

Projected length of path: 636,5 
Actual length of path: 670.3 

Slope (average): 13° 

Azimuth of path (from): 365‘’.6 
Zenith correction (approximate): 2* 

Sidereal time at ground point: 258''o3' 

Radiant: 1 “ " 

[5 + 9*.4 
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TKe elements of the corresponditig parabolic orbit are: 

L = ^72".4 

Si = 3-4 

i = 73.6 

IT “ 5 ^*' 

log? = 0.51 

The von KiessLHoffmeister Catalogue shows no fireball 
in the latter part of March which could come from this 
radiant. This fireball therefore belongs to no welUtnown 
stream. 

Every effort was made to derive accurate directions and 
velocitjrof the train drift, but only partial success was attained. 
The results actually derived were based largely upon (I) visual 
observations and eight photographs by C. R. West at Timpas, 
Colorado (47); (II) visual observations (one made with a 
quadrant) and one photograph by C. R. Allen at Trinidad 
(54); (Ill) drawings and full description of position of train in 
sky by W. E. Baker at Boise City, Oklahoma (53); (IV) a fine 
series of six colored drawings by V. \i. Martinez, five miles 
east of Wagon Mound, Xew Mexico (33); and (V) an excellent 
account, with discussion, by W. A. Schmidt, then on a train 
going west from Trinidad, Colorado (55). Parts of the meteor 
train were visible for fully an hour and a half. 

Fortunately (32) was almost in the plane of the firebaH’s 
path. The six colored drawings show not only the various 
shapes taken by the train, but also the mountains on the 
horizon, and the last one also shows the rising Sun. The axis 
of the train appears vertical in the draw'ings and seems not to 
have shifted with respect to mountain peaks below. The 
final azimuth can be checked by the Sun, The train spread 
laterally to quite a distance at certain places, and also 
shortened vertically. It is impossible to determine the scale 
of the drawings, but they do prove that the axis drifted 
practically parallel to itself and in the plane of the fireball’s 
path. 

The drawings at (53), made from a point not far north of 


A STUDY OF FIREBALLS 


489 


the path and with three quarters of total path to eastward, 
show that the three brightest “clouds” in the train drifted 
slowly to a little south of east. From the diagram I infer a 
motion of 15* in 60 minutes, approximately (the direction of 
drift making an angle of 75° with the vertical), or about 280 
km. per hour (in a direction 40“ ± S of Ef?). 

Unfortunately the exact times of the photographs at (47) 
(five taken with a kodak / ~ 3.5 in., three with one/ = yi in.) 
were not noted, though a record was made of the approximate 
time of the middle of each series. The accurate times are also 
missing for the photograph from (54). Also the only things to 
which angular motion can be referred in any of the photo¬ 
graphs are lower, small clouds, which drifted in the same 
direction as the train but more slowly. Any measures of 
velocity referred to these are obviously too small, but they 
are the best approximations to a measured velocity that we 
can make. The observers stated that the clouds moved 
slowly. From West^s letter (47), it is certain that twenty 
minutes w'as the maximum interval between first and last 
exposure with the smaller kodak, i.r., the time from 5:05 
M. S, T. to 5:25, when he began with the larger kodak. 
Making allowances for delay at each end, we assume a total 
interval of fifteen minutes. The relative drift (drift of the 
train with respect to the clouds) was measured as io®.S on the 
photographs, or practically 2/3“ per minute. The velocity 
from this measure is then 273 km. per hour, by chance in 
agreement with that from Baker’s observations. The proba¬ 
ble error is unfortunately 30 to 40 per cent. The direction of 
drift cannot be more closely defined than in general toward the 
east. 

.Allen (54) States; “This cloud [the train] drifted rapidly 
east or away from our position at Trinidad. Our position at 
Trinidad is so much in line with the path of the meteor that 
the cloud seemed to be drifting away and downward. , . .” 
He measured, with a quadrant, the altitude of the top of the 
cloud-trail as (3“ ± 1°, at 5:20 he states definitely that the 
picture was taken “30 minutes after meteor passed,” t.e,. 
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5:35, but in a later letter he says that it was 4 minutes after his 
quadrant measure, 5:24. Evidently memory cannot be 
trusted. 

1 am able to identify one of the condensations on Allen’s 
photograph with one on West’s second scries; the latter 
unfortunately does not show the lower moisture-clouds or the 
horizon by which azimuths and altitudes might be computed. 
West’s first series shows both. We further cannot be sure of 
the actual time of either photograph closer than that they were 
both taken between 5 -H 5-35 Allen gives the 

azimuth of the east end of his train as 276* and the altitude as 
8“. Assuming the exposures coincident at 5:30, I calculate 
that West’s east end of the same condensation has an azimuth 
275® and altitude 8*, All this proves that we are within a few 
degrees of the truth as to actual directions from both ob¬ 
servers; but the error turns out to be several times the 
parallax, so w'e cannot compute the drift from these two 
positions. However, w'C do get an excellent check on the 
height of the eastern end of the brightest part of the train, 
which at 5:30 ± 5 m was 102 km. 

Our most detailed description was sent in by Walter A. 
Schmidt (55), a scientist and a chemical engineer with the 
Western Precipitation Company, who w'as on a train Just past 
Trinidad, and had an excellent view. He describes the head 
as dazzlingly blue-white and the path as ^‘a straight line path 
essentially parallel to the horizontal tangent to the earth’s 
surface . . . and traveled southwest.” He w'atched the trail 
for over an hour, until the sun was up. 

. . . “It appeared to be self luminous throughout its entire 
length for a brief period of time. Then this apparent luminosity 
localized itself to the zone where the greatest intensity of light, and 
probably heat, took place. This was at the place where 1 first saw 
the meteor in its flight. What it Icmked like ahead of that spot, I do 
not know, but my guess is that it was rapidly becoming brighter up 
to that point. I will call this point the center of the trail so as to 
be able to describe more simply. Ahead of this center, the trail 
looked brownish or yellowish. Beyond the center, it was bright 
w'hite. It looked suspiciously like a dust streak ahead of the center 
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and a fume streak beyoad the center. From the center to the end^ 
the fume streak tapered dowo^ indicating that the cluster had a 
cdnsiderable diameter at the start and ended up with the last frag¬ 
ments. The une^xplainable phenomenon is that the center re¬ 
mained brilliantly self iuminoiis for a long period of time. At first 
the entire fume streak beyond the eentcr was luminous^ but after a 
few' minutes all but the center became dark, or at least Fclatively 
dim. The bright center had a length of about five to ten degrees. 
This center looked like hot luminous gas, but as the brightness 
lasted over a half hour, such an assumption seems unreasonable^ 
It wras apparent that this smoke trail w'as at a high elevation, so I 
tried to explain the light by assuming the sun^s rays illuminated 
this part of the streak, but to accomplish this, the path of the meteor 
would have had to be such that this spot alone would have been 
carried out of the earth shadow, and this seems quite impossible, 
considering the apparent track. Furthermore this one centra! zone 
alone remained luminous for a full half hour. Then the mo-rmng 
dawn started* 

"During this half hour before the break of dawn, a most peculiar 
phenomenon took place. The smoke streak, except for the very 
last thin extension, gradually contracted longitudinally. The 
contraction was not regular and may have been due to winds, but 
considering the great linear extensiou, the action is difficult to 
explain on the basis of w'ind currents. After a half hour, the streak 
of Tvhite fume had so shifted itself as to look like an extended cloud 
reaching wrest ward from the brilliant luminous center* The entire 
phenomenon strongly suggested electrical action. One most intcr- 
estidg feature was that the browmish or yellowish trail ahead of the 
center played no part in this cloud-gathering effect. When the sun 
rose, the streak ahead of the center had disappeared, while the large 
cloud around the center and smaller patches to the end of the track 
were visible in the full sunlight, again suggesting a difference be¬ 
tween the earlier and later portions of the smoke trail, as though 
these portions w'ere dust and fume respectively. 

“\\Tien the sun rose, the meteor smoke cloud w'as fully illu¬ 
minated probably ten minutes before the lower lying clouds were 
touched by the sun’s rays^ showing that the meteor's path w^as far 
above the earth's surface.” 

Most reluctantly I am forced to leave the problem of the 
train drift relatively unsolved. All we can say is that it 
moved in general to the east, that it did not greatly change its 
height, that the train itself broke up or contracted into knots 
or condensationsj that isolated knot^ certainly expanded north 
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and south also as they generally drifted e 3 stward> and that the 
drift was of the order of 300 ± loo km, per hour. We 
further know that the west (and fainter) end of the train, 
when it was first photographed, about five or ten minutes 
after the meteor passed, w'as only 15 =k km, high, that the 
western “knot” about 3130 was 30 ± km. high, and that the 
brightest condensation far to the east was slightly over 100 
km. high somewhat later. However, the western half faded 
relatively soon; the eastern half, r'.r*, from 60 d: km. to 
too ± km., lasted over an hour. 

According to a report published in Popular Astronomy for 
February, 1934, page 106, by H. H. Xininger, meteorites have 
been recovered. He also gives heights for the two ends (78 
miles and 17 miles), the slope (8,5°), and azimuth of the body’s 
path (a;7.i“). These differ somewhat from the values de¬ 
rived here. He has further published a photograph by C, M. 
Brown, taken at Mt. Dora, New Mexico, which shows the 
body coming almost head on, in a most distinct spiral. 
Professor Nininger has published a full description of this 
object, with the results of a personal investigation he has made 
along its course.* 

Sound phenomena caused by this bolide were very notice¬ 
able at some places, violent at others. The following table 
gives data from many stations as to sound, color, and other 
notes of special interest. Plotting on the map those stations 
from which violent explosive sounds or at least sounds like 
heavy thunder were heard, we find that they extended at least 
100 km. both north and south of the last 300 km. of the path. 
For most of its path the bolide seems to have been bluish- 
white, probably growing redder toward the end- Many 
observers in replying to our questionnaire evidently confused 
the colors shown by the train w'ith the color of the object 
itself. 

As for the velocity and type of motion of the fireball, at 
(51) it “was spinning furiously.” The photograph taken by 
C. M. Brown (mentioned earlier) shows a most decided spiral. 
It was taken not far from head-on. From (16), Big Springs, 
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Nebr., H. F. Wagner says: “greenish ball of fire . . . moving 
rather slowly with a rapid spinning (anticlockwise) motion- 
. . From (17), Santa Fe, N. M., J. A. Rivera says: “Its 
center was reddish in color and seemed to be whirling, but I 
could not determine its direction,’* From (26): “Two lines 
of smoke on either side and parallel to each other. There 
were 16 pulls or waves, in the lines, each one arching out.” 
From (27), Clovis, N. M., J. R. Sorrows writes: “ . . whirling 
over and over losing small chunks all along.” From ( 47 ) - 
. . It made a twisting motion as it sped along. . . 
From (54) : “. . . In looking at it as it approached it would be 
turning anii-clockwisc. ... I have it from a number of 
people in different parts of the country ... all agree on the 
direction it was turning.” From the above notes a counter¬ 
clockwise spiral motion seems beyond question to have 
occurred. This would indicate that the mass had at) irregular 
shape. 

As usual, we have most varied estimates for the duration of 
flight. .An additional complication is introduced for this 
fireball because most people saw only part of its path, and 
many confused the duration of certain other phenomena with 
that of the flight itself. The estimates run from 3 to 120 
seconds; the average is meaningless. From the general notes, 
it may be inferred that the velocity was not excessive. It 
also seems certain that for the latter part of its path, it was 
throwing off sparks. The more reliable estimates of its 
apparent diameter, even from stations at no great distance 
from its path, give values of from 15' to 30'; probably 20' 
would be a good average. Of course the large linear diameter 
indicated by this figure is not the size of the bolide itself, but 
of the mass of incandescent gaseous and other material 
surrounding the solid nucleus. The wider part of the train 
about 5:20 was, however, fully 1® in diameter, which amounts 
to 7 or 8 km. 'J'his means that there must have been excita¬ 
tion of some sort fully 4 km. from the actual path, assumed as 
central for the train. 

It is difficult to be absolutely sure whether the original 
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bolide, when entering the atmosphere, was a single mass or 
not. Certainly, along its very extended path it seems to have 
"exploded” many times, and, according to Nininger, to have 
dropped fragments, now recovered, many miles before its end 
point was reached. From the evidence in my hands, I tend 
to believe that it was a single stone which disintegrated as it 
passed along. 

The long endurance of its train presents a complicated 
problem. The part that lasted longest, the clouds or 
knots in its first half, we find are In the-stratum 6o km. to lOO 
km., which agrees well with that defined by Trowbridge* 
believed to be the home of Iong^enduring trains seen at night. 
However, there were fainter portions of the train to the east of 
these brightest knots, and presumably, therefore, at a some¬ 
what greater height. We also know that the lower or western 
end of the train, which faded more quickly, still lasted for 
many minutes, and some of its condensations were visible for 
at least 25 minutes, as proved by Allen’s photograph. 

The trains previously dealt with by me have either 
occurred within the stratum defined by Trowbridge or been 
low enough to be considered as definite smoke trains, seen 
after daylight. Here, however, we have a train extending 
nearly all the way from the upper to lower end of the bolide’s 
path, In round numbers, the Sun was only 5° below the 
horizon for this upper point, only ii** below for the lower; 

the whole path was in the twilight zone, the Sun’s rays 
actually reaching the middle point of the path by about 6:.f3 
C. S. T. Were the whole matter merely a reflection phe¬ 
nomenon, we would have expected a different distribution of 
brightness, Nevertheless, the twilight was so strong that the 
usual faint type of illumination seen at night could not alone 
account for the observed intensity. 

In communications from Walter A. Schmidt, already 
quoted at length, he offers the following possible explanation, 
which seems to me very interesting. He says: 
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“1 watched the smoke trail for fully an hour and a half and after 
the SUD illuminated the smoke trail, it had quite a different appear¬ 
ance, changing from a phosphorescent light to a white cloud-Jike 
light. 

“in our technical work we have done a very great deal of in¬ 
vestigating in the field of electrical discharges through gases, and it 
seemed to me that the peculiar luminosity strongly indicated some 
electrical effect. I am at a complete loss to eiplain this, and very 
likely am entirely wrong, but I have been wondering whether the 
small particles forming the smoke trail could not have acquired 
electrical charges as a result of their rapid motion through the air, 
and that an actual electrical discharge could not have taken place 
between these particles In the ratified atmosphere. The charging 
of particles by friction is a well known phenomenon, and the indi¬ 
vidual particles might well be charged to opposite polarities, and If 
so a discharge in the ratified gases might well be possible. At any 
rate, the appearance of the light was such as to strongly suggest 
electrical action." 

This indopendent explanation is interesting in the light of 
the work on meteor trains by C. C. Trowbridge between 1906 
and igi8. A comprehensive summary of his work cannot of 
course be undertaken here, but some mention must be made of 
his general conclusions. An exclusively electrical cause for 
the trains (f.r., discharges between particles) was discarded 
by him largely because of the long endurance of the lumi¬ 
nosity. However, “it is highly probable,” he believed, “that 
electrical effects are produced by the great velocity of the 
meteor and the physical changes that accompany its com¬ 
bustion in the atmosphere.” ® He was convinced that the 
phenomenon of night trains was primarily gas phospho¬ 
rescence, although trains visible also in the daytime contained 
enough meteoric dust to reflect sunlight like an ordinary 
cloud.* His conviction was based upon much laboratory 
work on the afterglow produced by the electrodeless ring 
discharge,* which indicated the similarity of afterglow and 
meteor trains not merely on the basis of appearance, but also 
on the most favorable atmospheric pressures for both intensity 
and endurance, the rate of diffusion of the luminosity, the 
rate of apparent decay, and the similarity of type of spec- 


A STUDY OF FIREBALLS 


497 


trum/‘ • “The motion of the meteor through the atmosphere 
. . . may bring about chemical or physical changes in the 
composition of the atmosphere which on gradually reverting 
to its original state gives out a phosphorescent glow . . . 
connected with the highly ionized state of the air produced by 
the very high temperature of the nucleus . . . intensified by 
static electrical conditions . . . produced by the rush of the 
meteor through the air.”* 

The train of the fireball of March ^4, I 933 t seems to have 
been an example of a luminosity proceeding from a mixture of 
gas and extremely fine meteoric dust.* Mr. Schmidt’s excel¬ 
lent and long view of the train apparently enabled him to 
watch while the preponderant cause of the luminosity changed 
from gag phosphorescence to sunlight reflection. Spectro¬ 
scopic obser\'^ations on this train would have been uniquely 
valuable. If they could have been made on selected sections 
of the train, they might have afforded us a definite check on 
Trowbridge’s theory of gas phosphorescence, as that phos¬ 
phorescence is limited by gas pressure and hence restricted to 
a relatively narrow atmospheric region. 

To all of the persons mentioned in this paper, as well as to 
thirty or forty others whose names do not appear for lack 
of space, although they kindly reported observations, I 
express most sincere appreciation. The results obtained were 
possible only through their generous cooperation. I am 
further indebted to F. W. Smith, who as a volunteer worker 
at the Flower Observatorj' put the'data in shape and made an 
approximate solution for the end points which greatly short¬ 
ened my later work. 

REJfLltlLNXES 


I. H. Hr NisixCEH. The Great Mentor of Mancti 24^ Fopuinr 4a, 

3- MjipeE Theorlti oa the Nature of Meteor Trains, Triih a Now 00 PFofiKMjr 

Trnw'brid5c''s CouiTlbutions to our Knowledge of Meteor Truitlt, Pcpuhf 
Jiironamy, ^0, 1922, p, ^24^ Bibliography. 

3. C, C. TiLOWDitiDGEn The Pbj'Bical Natiift of Meteor Trains^ AstrophytK^ jQiimat, 


4 ^ 


Sepi., 1907, ^ 

C, C, Trowbrtdci:. Duraiiori of rhe Afterglow PmJyceo by 
Ring Discharge* Phyrit^i OcU J 9 Gi&^ p. 279 . 


the EIcctiodelea 


498 


CHARLES P. OLIVIER 


C. C, TftOWiiLiDGE, Fcmcnis. of the Rate of Dccjij^ of Gai Pboaphoiesceacfri 

Pkyjicai ItiwtP, February^, 191 <s P- 

6 ^ C^ C- TitQVfBiJi>GE. Tbo of LumiiiotiJ Meteor Traini, P^pui^r Seuw 

Monthly^ Au^t, 19U1 p- igi- ^ 

Flower OMCRVAtotY op the 

L-KivtiUimf OF Pekssylvamr 


DEVELOPMENT AND CORRELATION OF RESEARCH IN 
PHYSICAL ANTHROPOLOGY AT HARVARD UNIVERSITY 

EARNEST A. HOOTOH 

(Rfflrf Jpnl ifi, I93S) 

Introduction 

Culture is a function of the human organism. The fact 
that culture is an ejcclusive product of the human animal is 
ultimately referable to some property or capacity of that 
organism which is either unique in man or esists only in 
variously rudimentary stages of development In lower zoo¬ 
logical orders. Culture consists of arts, industries, social 
institutions, and a body of systematized and transmissible 
knowledge. Variations in the form and content of culture are 
generally ascribed to causes which may be classified broadly as 
environmental or ecological, since they stress the effect upon 
the human organism of diverse combinations of extrinsic 
forces rather than quantitative differences or qualitative 
changes in the organism itself. Thus conventional history is 
a concatenation of environmental events, and knowledge a 
codification of environn:iental experience. 

Virtually all learning pertaining to human activity neglects 
the organism or proceeds upon a tacit assumption of its 
constancy as a factor in the production of culture. Since the 
organism itself is the sole producer, and the very existence of 
culture depends upon organic variation, this procedure is 
nonsensical. Social science (which is like a W elsh rarebit ■ 
not really a rabbit at all) is completely topsy-turvy when it 
attempts to base the interpretation of human culture upon a 
fundamental disregard of the variable nature of man. 

Medical science, indeed, purports to advance from the 
study of the organism to the interpretation of its function, but 

actually proceeds mainly by manipulating the environment. 
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It courageously attempts to correct pathological deviations 
from unknown and fluctuating norma by a fumbling process 
of trial and error. Nevertheless its comparatively efficacious 
practice of white magic does involve a more or less conscious 
effort to get at the organic basis of malfunction, 

Anthropology began with the collection of material and 
immaterial curios pertaining to man, gathered by Inquisitive 
and acquisitive persons. It was completely devoid of any 
specious pretense of utilitarianism, such as appertains to most 
established branches of knowledge. Its practitioners, at 
best, were groping for a better knowledge of man, with a 
passive, /x post fattOt historical attitude. The evolutionary 
hypothesis provided a much needed orientation for anthro¬ 
pological studies. It involved the conception of a changing 
organism related in some fashion to its increasingly compli¬ 
cated cultural environment. Ultimately there grew up a 
vague belief that anthropology has something to do with 
modern life—that the study of the primitive and the savage 
may afford a basis for the Interpretation of advanced and 
civilized society, that a preliminary essay in the investigation 
and comprehension of the simple may supply the essential 
prerequisite for a solution of the complex. From this stage 
anthropolog)'^ has progressed until It presently may lay claim 
to the status of an applied science—^a system of investigation 
and analysis w'ith the very^ broadest viewpoint from which to 
appraise the shortcomings of civilization and to suggest 
remedial measures. 

In its inception, physical anthropology was a pure science 
in the sense of being completely useless. As an avocation of 
anatomists and zoologists, it concerned Itself principally with 
evolutionary origins, and indulged a somewhat ghoulish 
preoccupation W'ith osseous remains. In the hands of myopic 
specialists it tended to an industrious but unintelligent 
accumulation of metric data relating to the gross dimensions 
of bones or of living subjects, together with exhaustive 
description of the minutiae of anatomical variations, lacking 
point and precision. The realization of the possibilities of 
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physical anthropology as an applied science is as yet incom¬ 
plete even among its practitioners. 

The unification of all anthropological subjects was 
originally due to the diffuse dilletantisni of those interested in 
the remote places of man's past and present. With the 
development of organized departments of anthropological 
teaching and research, this initial generalization has tended to 
break down into the plirsuit of numerous microscopic and 
anchoristic fields of specializatjon: linguistics, technology, 
ethnology, ethnography, archaeology, osteometry, anthro¬ 
pometry, social anthropology'', and tvhat noln However, it is 
now becoming clear that anihropolog}^ cannot be dismembered 
w^ithout sacrificing its potentialities as an applied science 
which is at once biological and sociaL 

This paper is intended to exemplify the development of a 
clear concept of the nature and function of physical anthro¬ 
pology* theoretical and applied — by its evolution and corre¬ 
lation with other studies of man in one institution over a 
period of twenty-two years* It illustrates the progression 
from a microscopic to a cosmic conception of the biological 
study of man, such as Is taking place everyvvhere. It is not 
to be regarded as a record of achievement, but rather as a 
sharing*^ (in the Buchmanite sense) of sins of omission and 
commission partly due to ignorant misconceptions of the 
writer and partly due to the inchoate state of an incipient 
science. Learning has been by the trial and error method of 
the lower anhmals rather than by an ideational solution based 
Upon a suni'^ey of the complete layout—such as is supposed to 
be characteristic of man and the anthropoid apes. 

Early Isolated Efforts and Sporadic Attempts at 
Correlation and Application 

In the pre-war period the first research effons of a physical 
anthropologist attached to a museum were likely to be studies 
of skeletal remains deposited by archseologists as a result of 
their excavations. The job of the physical anthropologist 
was to describe these remains and to make some sort of a 
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racial diagnosis. Usually the archeologist prepared and 
published his report without any reference to the skeletal 
finds. Most were so conscious of their virtue in preserving 
the bones that they considered their scientific responsibilities 
fully discharged when the skeletons had been dumped m a 
museum. The present writer undertook several such tasks— 
mostly relating to the bones of American Indians. From 
them he learned the folly of dissociating excavation reports 
from the study of the skeletal material which they produce. 
One example will suffice. The Peabody Museum excavated a 
large Indian cemeterj' at Madisonville, Ohio, in spasmodic 
efforts beginning in 1882 and ending in 1911. It devolved 
upon this unfortunate to study the bones. In order to make 
such a studv intelligible, he was forced to spend an entire 
summer struggling with the field notes and records of three 
generations of archseologisis who had worked the site. He 
had to patch together by collation and speculation some sort 
of consecutive account of the excavations. All evidence ^as 
to the relative ages of the different portions of the cemeteries 
had been lost, and stratigraphy was absent or unrecorded. 

The physical anthropologist had to content himself with a 
consideration of the remains as of one period. Apart from the 
mere description of the bones, the only advance in anthro¬ 
pological method resulting from this effort was a fairly suc¬ 
cessful attempt to deduce the size of the population and its 
probable annual death rate from an examination of the 
proportions of each age and sex represented in the skeletal 
materia l.‘ 

In 19I4', Oric Bates, a brilliant young Africanist recently 
appointed curator of that field in the Peabody Museum, 
projected an ambitious scries of annual volumes to be called 
“The Harvard African Studies.” His enthusiasm enlisted 
the cooperation of the present writer. Mr, Bates died in 19^ 
before the second volume of his series had gone to press, 

»Hooton, Earnest A., **Indian Village Site and Cemetery near MadUonville, 
Ohio,'' With Nole* on the Ani fae» by Charfes C. Willoughby. Papers of the Peabody 
\iuicum of Amencan Atfhxokigy and Ethnology, Harvard Univeiauy, Vol. VIII, 
No. I, pp. 1-137, 1920 - 
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leaving the responsibility of editing the series, which now 
comprises ten volumes, upon the inadequate shoulders of his 
younger colleague. The first field effort incidental to the 
production of this series was an expedition to the Canary 
Islands, designed to clear up the much argued question of the 
afiinities of the Guanches, an extinct race of cave dwellers 
alleged to be remnants of the famous Cro-Magnon artists of 
Upper Palaeolithic Europe. Upon this expedition the writer 
was forced to gather his own data, both physical and archaeo¬ 
logical. The skeletal remains from each of the seven islands 
of the group had to be associated with the respective cultures 
of the archipelago, and it was necessary to work out a con¬ 
st ste at explanation of migrations and a correlation of racial 
types with material culture. On the purely physical side this 
project contributed largely to the education of the immature 
worker. It taught him that the analysis of a racially mixed 
population, whose antecedents are individually unknown, can 
best be approached by the division of skull series into morpho¬ 
logical impressional types, on the basis of general resemblance. 
Such types may then be validated by statistical tests. This 
effort also illuminated (for the writer) the vexed problem of 
the combination of cranial characters in racially mixed types. 
On the whole, this study seemed to confirm the necessity of an 
intimate cooperation of the archaeologist with the physical 
anthropologist.- 

In 1915 the Department of Archaeology of Phillips Acad¬ 
emy, Andover, began the excavation of the great Indian 
pueblo at Pecos, New Mexico, under ihe direction of Dr, A. V. 
Kidder. The pueblo was occupied continuously for a period 
of at least six hundred years. In the rubbish heaps Dr, 
Kidder found evidence of eight cultural phases stratigraphi- 
cally superimposed. It was ray privilege to undertake the 
study of the skeletal remains yielded by these excavations— 
the largest series from a scientifically excavated, stratified site 
of the New World. Having profited by the'errors of earlier 

■ Hootocip Eara«t A,* **The: Ancieni InliabluntJ of llic Canary N^&td 

jdJrKon Siudvj, VoL VII, 1925. 
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workers, Dr, Kidder arranged to have the physical anthro¬ 
pologist assist in the actual excavation during at least a 
portion of that activity. The summer of 1920 was so spent 
by the writer. This study of nearly one thousand human 
skeletons showed a continuity throughout the various 
archaeological strata of the various cranial types present from 
the beginnings although with some tendency for certain types 
to amalgamate their morphological characteristics and for all 
of the stock to deteriorate. It afforded opportunity for 
elaborating and perfecting the method of type identification 
begun with the Canary Island series* It also led to an attempt 
to determine the racial affinities of the various fundamental 
cranial types of the Southwestern United States* and to the 
setting up of a tentative scheme of the sequence of migrations 
of Asiatic stocks into the New World in prehistoric times.^ 
Prior to the completion of the Pecos study and thereafter, 
a number of skeletal investigations have been carried out in 
the Hansard Anthropometric Laboratory along lines laid 
down by the Canary and Pecos researches. Among the more 
important of these are Dr. W. W. Howells^ study of crania 
from Mimbres/ New^ MexicOj and Dr. Carl C, Seltzer^s report 
on a series of crania and bones of ^Mediaeval Icelanders gathered 
by V, Stefansson. The latter study* still unpublished, is of 
particular interest In that it shows certain bodily modifications 
in the ancient Icelanders which are probably attributable to 
their restricted diet. It also furnishes clear Indication of a 
stronger Irish element in the Icelandic population than has 
been admitted by historians and anthropologists. A marked 
inferiority of size characterizes the Medlseval Icelanders as 
compared with the modern inhabitants of the island. 


Pltrsuit of Special Problexis in Applieo Anthropology 
T here is at least one problem of physical anthropology 
which so intimately concerns the present and future welfare of 

^Hootpap EAmnC TV Indianj qJ Pmi J Study 0/ Thrir 

Rfmmnit New HiVtn, Yale VniTenky Press, igja 

^Ccuprove, H. S. and C. E., “Tlie Swarts Rsub" (with a. «cilOn On llie fikeletfll 
by William Howdls), P^pem of the Pcabodv -Muteum ef Ar^bzoW 
and Vol XV, Np, r, pp. 115-173. Cambridgep 1932. 
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modern nations that its study' requires no apologia. Race 
mixture raises the question of the inheritance of physical 
characteristics in the hybrid ofFspring, as well as their fertility^, 
vitality, intelligence, and capacity for civilizadon. The 
Importance of invesdgating these phenomena impressed itself 
upon the writer almost at the outset of his professional career. 
The studies in race mixture carried on by Harvard colleagues 
and pupils have already been made the subject of a communi¬ 
cation to the American Philosophical Society.^ In the 
beginning Professor A. M. Tozzer undertook the gathering of 
anthropometric data upon some five hundred Hawaiian 
subjects of pure and mixed blood. This work was begun in 
1916 and the results were finally published by Dr. Leslie C* 
Dunn in 1928.* In 1923 a fellowship granted by the Bernice 
P. Bishop Museum of Hawaii made it possible for Dr. Harry 
L. Shapiro to embark upon a study of the descendants of 
mutineers of the British warship, Bounty, and Tahitian 
women—a famous and historic case of race mixture. A 
storm prevented Shapiro from landing on Pitcaim, but he was 
able to reach Norfolk Island and to study for five months the 
larger body of the Bounty descendants domiciled there^ and to 
produce an authoritative report upon their physical and 
sociological characteristicsJ Dr. Shapiro^ for some years 
Associate Curator of Physical Anthropology at the American 
Museum of Natural History, has just returned from a suc¬ 
cessful expedition to Pitcairn Island made some eleven years 
after his visit to Norfolk. It is a pleasure to state that the 
Harvard Anthropometric Laboratoiy" has already completed 
the statistical reduction of Dr. Shapiro^s data on the complete 
series of Pitcairners, and that the sequel to his admirable 
Norfolk monograph may be expected shortly. 

* Hoocoiip Earnest A.> 111 the Study'of R^ice Mlrtunsi with Ref«r- 

Micc Id Wpjrlc Carried On at Harvard UniveraUy," Frccfifdings a/ Jmfrican. Philst- 
iDphical Saciftyt V'd. LX\'p pp. 31 

■Dunn+ Lfille C., “An An thro pome trie Study of of Pure and -VliwJ 

Blood/' Paper* of ihe Piabody Mn^um af Amcricin Archmlosy and Etimolagy, 
VoL XI, No. ppr 90^209, Cambridge, 1928. 

^ ShApirop liArry L-, “Descendants of the Muiidter* of the Bounty/^ XfiemoLr* 
of the Bcmlcc P. BUbop Museum* Vol. XI, No. ij pp, 1-106, HonotulLi, 1939, 
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In 1919 Caroline Bond Day, a student of Radcliffe College 
of mixed Negro and White descent, began to gather anthro¬ 
pometric, genealogical, and sociological data upon mulatto 
families of the United States. This wort went on inter¬ 
mittently for a number of years and resulted in a large and 
invaluable collection of photographs and records pertaining to 
more than three hundred families. A part of this material 
has been published as a monograph of the Harvard African 
Studies.* 

Another important piece of work was carried out by Dr. 
George D. Williams in Yucatan. Here in an extensive study 
of the results of crosses between Maya Indians and Spanish, Dr. 
Williams succeeded in showing the relationship between ad¬ 
vance in social and economic status and progression from In¬ 
dian to European combinations of physical features. He also 
made some fundamental contributions to the physiology of ra¬ 
cially mixed types with respect to blood grouping and basal 
metabolism.* 

In 1928 Frederick S. Hulse, another young physical 
anthropologist, was sent to Cuba to investigate the pure and 
mixed races of that island. This work revealed the necessity 
of studying the Spanish population in its home country in 
order to appraise the possible changes in physical status which 
have taken place in the descendants of Spanish immigrants to 
the New World. The results of this study have not yet been 
published. 

The most recent Harvard study of race mixture was 
conducted by Martin Luther in Southern Greenland. There, 
in 1929, Mr. Luther secured invaluable data on the crosses of 
Danes and Eskimos, whereby he was enabled to segregate and 
investigate the hybrid types according to proportions of 
European and Eskimo blood, In this particular cross there 
is a definite regression of physical features upon amount of 


*D*y, Carotiae Borni, "A Study of Seme Familie* ia the United 

Stttei,” Uantifd Ajrvan. Stvdi/i, VoL X, Vurl* Afriuoi V, Cambfidet, 1933. 

'WtUiuni, D«, "Mayi Spaniih Croiiea in Yucatan," Paper? of the 

Pcibody Museum Aiwcncln Archzology Rnd Eliknolc^^^ FoL XIll, No. If ppi 
1-256^ Cambndgie^ 1931. 
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European blood, and the hybrid culture developed is of the 
very greatest Interest, 

In general these studies of race crossing seem to show no 
biological inferiority of racial hybrids, little or no heterosis or 
hybrid vigor, but a heightened fecundity, a segregation of 
inherited traits, the presence of multiple factors in their 
inheritance, and the impossibility of simple Mendelian 
interpretations. However, it is clear that the most Important 
aspect of race miiture is the social selection of types which 
operates in favor of those showing a preponderance of the 
physical features of the superordinate race. 

The most extensive study in applied physical anthropology 
hitherto attempted at Harv^ard is the survey of the relation of 
race and nationality to crime In the United States, begun in 
1926 and now in the final stages of analysis. This Is nothing 
less than an Inquiry into the possible connection between 
physique and social behavior, as manifested in the convicted 
felons of ten states. A preliminary report upon one phase of 
this work has been presented to this society.^® That mass of 
data includes some one hundred and twenty-five sociological 
and anthropological statements concerning each of seventeen 
thousand individuals treated by race, by nationality, and by 
nature of offense. The results of the survey are the most 
socially important of any anthropological study thus far 
conducted by Harvard University, and are of such a rej^-olu- 
tionary nature that they must not be published without 
validation by a complete presentation of the supporting data. 
On account of the high cost of publishing a large body of 
statistical matter, there is no present prospect of making this 
criminological material available for use. In very general 
terms it may be stated that all races and nationalities of 
criminals represented in this survey are physically inferior to 
the corresponding classes of law-abiding citizens; that crimi¬ 
nals of any given race or nationality are as groups physically 

“Hwjtcm, Earflot A., "Pretiiainjry Reinirtj upoo tht .ADthrvpvIoay of 
Ameri«»n Crimiiial," pFntttiittgi 0/ tht Amtrkan pkUtitQfkkai SfnUty, VoL LXXl, 
Now 6, pp, 34g-3SSp Ptilidelphii, J^js. 
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differentiated according to the type of their offense; that crime 
is the resultant of a complex but perfectly intelligible process 
of biological and sociological forces whereby mentally and 
physically inferior individuals of every race and nationality 
are selected for dehn^uencyi Nevertheless these statements, 
and the practical suggestions deducible from them, can carry 
little weight until the evidence of their validity is available. 

The application of physical anthropology to social prob¬ 
lems of to-day has been illustrated by the foregoing socio 
physical studies. There has been opened a wide vista of 
unrealized possibilities of a practical utilization of physical 
Studies of man. One further study of this category may be 
mentioned. In 19^9 Gordon T • Bowles undertook an 
analysis of the physical changes in the sons and grandsons of 
Harvard men, based upon gymnasium records of three 
generations. The results showed a progressive modification 
in bodily dimensions and proportions, in the direction of 
increased stature and accentuated slenderness. This brief 
cut-out of a continuous film of human evolution In this 
countr}' cannot yet be interpreted in its exact connotation.^ 

Extension of Physical Anthropological Studies to 
National Groups 

The extension of physical studies of special sociological 
groups, or of tribes and peoples, to those of entire national 
groups naturally followed upon the mechanization of processes 
of statistical reduction in the laboratory. As long as anthro¬ 
pometric data had to be elaborated by hand, really adequate 
samples of populations could not be acquired, simply because 
their analysis involved an impossibly laborious task of 
arithmetical drudgery. The Harvard Criminal Survey neces¬ 
sitated the introduction into the laboratory of electric 
calculating machines, and electric sorting and tabulating 
apparatus. This equipment removed the limitations of 
sampling imposed by primitive methods of reducing data. 
There followed a period of intensive field work in which 

^ Bowles, Goreba T,* jVrtP T;^pfJ a/ Ohi Jm/rtcans a$ ilamxrd^ CitmbridgCi 1931. 
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investigators from the Harvard Laboratory gathered large 
masses of material pertaining to the physical and sociological 
characteristics of peoples or groups, little known, or inade¬ 
quately studied. Notable among these are Dr. Carleton S. 
Coon's great anthropometric and ethnographic study of the 
tribes of the Rif, Morocco^ which included a successful 
correlation of physical characteristics with material culture 
and social organisation,*® the same investigator's extensive 
survey of the tribes of Albania, completed but still unpublished 
for the usual financial reason, and finally his work on the 
peoples of Southern Arabia, still in process of analysis. Of 
particular Importance is Air. Martin Luther^s study of the 
Finns, which began with a mainly physical surv^ey of the 
colony of LanesviUe, Massachusetts, was continued In the 
gathering of a large anthropometric sample and appropriate 
sociological data upon the Finns of Finland, and has now 
developed into a gargantuan functional and historical study 
of the entire population of Cape Ann, nearly completed. 
Another very considerable achievement in the field of racial 
analysis is that recently accomplished by Gordon T. Bowles 
during two years of field work as Harvard-Yenching Fellow in 
Eastern Tibet and Szechuan Province of Western China, 
This work demonstrates among other elements a strong 
Caucasoid strain in the inhabitants of Eastern Tibet and in the 
non-Chinese tribes of Western China, hints at a submerged 
Australoid or pre-Dravidian element, and clearly indicates 
that the center of differentiation and dispersion of the true 
Mongoloid physical type is not on the central Asiatic plateau, 
but probably somewhere to the north in the Siberian plains. 
Dr, Bowles has just departed to continue along the southern 
slopes of the Himalayas his studies of Tibetans and peoples 
peripheral to the Tibetan plateau. As a continuation of the 
interest in the origin of the Dinaric and Armenoid racial types, 
Mr* Robert W. Eh rich has gathered an extensive series of 
measurements and observations upon the Montenegrins, Mr. 

“CoQiip C^rleton S-p ^^Tribe? tie Rlfj" AJrk^n- Studkst VcL IX^. 
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Walter B. Cline a mass of data on the Syrians. Xhe latter 
group has been analyzed by Dr, Carl Seltzer and is ready for 
pubtication when funds perntit. Under Dr, Coon s inspira¬ 
tion, a series of anthropometric records of Armenians in this 
country has been collected and studied by the students of the 
course in Field Methods. One of the most competent mem¬ 
bers of this group, Mr. Byron Hughes, is actively engaged in 
pursuing this effort further. 

Dr, Carl Seltzer began his studies of the American Indian 
by analyzing the mass of data on the Eskimo collected manj 
years ago by the explorer Stefansson.'* He has continued in 
the Southwestern United States by securing the largest scries 
hitherto collected of Zuni, Hopi, Xavajo, and \ aqui. The 
material of these studies is in process of reduction and it is 
hoped that this talented investigator may be enabled to 
continue his studies of living Indian groups for the next 
decade. Worthy of mention also are Dr. John P, GilUn’s 
anthropometric ‘ and social anthropological studies of the 
Caribs of the Upper Barama River, British Guiana, soon to be 
published, and the large series of native Australians measured 
and observed by Professor W. L, W'arner and analyzed by Dr. 
W. W. Howells. 

One of the most extensive and promising efforts of the 
Laboratory^ has been in connection with A Century of Progress 
Exposition at Chicago during the summers of 1933, 1934- 
Harvard University was asked to equip and operate an 
anthropometric laboratoiy- in the Hall of the Social Sciences 
for demonstration purposes. The laboratory was fitted out 
gratuitously through the cooperatiou of the commercial firms 
which have equipped the Harvard Laboratory. The staff was 
detailed from that of the Harvard Laboratory under the 
leadership of a very able physical anthropologist, C. W. 
Du pe rtu is. At the E x pos ition, methods 0 f meas u rements a nd 
the use of the apparatus for statistical analysis were demon¬ 
strated. The exhibit was thronged through the period of its 

“ Scltatr^ Carl C, AnthTOppmeuy of die Westeni and Copper Eskamcw, Based an 
Data oi VlUijalmur Stcfaiwsoa*^' Hitman VoL X* Ndn. September 1933. 
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operation and more than sis thousand individuals were 
subjected to a complete series of anthropological measurements 
and observations. This series, now in process of anal}rsis, 
should constitute the most valuable sample of the native 
American population of moderate means heretofore gathere 
since it consists of adults of both sexes in approximately equal 
proportions. 

All of the foregoing studies of national groups arc princi¬ 
pally oriented toward racial analysis with secondary socio¬ 
logical data for correlation purposes. 

Study of Complete Natioxs 

The ultimate purpose of the anthropologist is to provide a 
complete interpretation of the human animal in his environ¬ 
mental setting. The development of physicaI anthropological 
studies at Harvard and the advance of research In other an¬ 
thropological fields have resulted in progressive encroach¬ 
ments of each specialty upon the preserves of the others, in 
order to secure significant explanatory data. Thus the 
archeologist is driven further and further into interpretation 
of his cultural data In connection with skeletal material; the 
physical anthropologist finds himself perforce delving deeper 
and deeper into the collection and correlation of sociological 
data or of arciiseological facts; the ethnologist advances 
steadily into the fields of his colleagues for the same reason. 
It is a significant fact that almost none of the anthropologists 
recently trained at Harvard can be forced to relinquish to their 
specialist colleagues the data in allied fields which they 
themselves have collected in expeditions. Thus the archaeo¬ 
logist insists upon working up the skeletal material which he 
has exhumed; the ethnologist prefers to correlate his own 
anthropometric data with his cultural findings, and the 
physical anthropologist raids in all directions and utilizes his 
miscellaneous booty. Such a development is most healthy 
and is especially efficacious in studies of comparatively small 
groups or cultures carried on by one individual. In the case 
of more ambitious problems involving consideration of very 
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tsirgc groups, A division of labor is essential, but the extension 
of interests on the part of each specialist insures an ultimate 
correlation of the data collected in the respective fields^ 

Perhaps the first tentative essay at a general anthro¬ 
pological interpretation of a country, so far as Harvard 
anthropology is concerned, was the study of the Hinterland 
tribes of Liberia, undertaken by Air. and Mrs. George Schwab 
and by Dr. George W. Harley. This effort was a direct 
outcome of the need for information on the part of the joint 
committee on Protestant missions ivhich administers American 
work in Liberia, the educational adviser to Liberia, and the 
Firestone Tire and Rubber Company. The results of this 
-work include: (n) a practical report to the missions committee 
on the status of education and religious activity in the 
countryj (i) a similar report to the Firestone committee 
dealing with,economics and labor problems; (c) a voluminous 
scientific treatise including an exhaustive ethnographic survey 
of four interior tribes with comparative data on remaining 
tribal groups, adequate anthropometric samples from each of 
these four tribes, and a special study of some six thousand 
cases from the medical clinic of Dr. Harley at Ganta, Liberia, 
Unfortunately this huge mass of material remains unpublished 
for the usual reason—lack of funds. 

Experience with the Liberian project and others indicated 
the necessity of a more general set-up for any anthropological 
study which pretends to deal wdth a whole nation. Some 
three years ago it was decided to undertake an anthropological 
study in Siam, following the trail broken by Professor Carle 
■ C. Zimmerman of the Division of Sociology of Harvard 
Universiiy, This investigator had carried out an economic 
survey of rural Siam under the auspices of the Siamese 
government. Through Dr. Zimmerman’s Siamese connec¬ 
tions, it was possible to induce the Siamese government to 
make a more extensive medical, anthropological, economic, 
and ethnographic survey under the direction of a young 
Hart'ard anthropologist, James M. Andrews. The field work 
of this project has been completed after tw'o years of effort. 
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Mr. Andrews had charge of a party of thirty-five Siamese field 
investigators \rho went from district to district studying 
sample villages in each. More than forty villages were 
included in the survey. In each the entire population was 
subjected to an anthropometric and medical examination and 
very detailed schedules were filled out pertaining to economic 
and ethnographic status. The results of this study should 
afford the Siamese government the necessary information for 
the reorganization and extension of its department of public 
health and for certain essential developments of its marketing 
and agricultural system. Incidentally it will provide, for the 
first time, a firm basis for the appraisal of racial and ethno¬ 
logical status of this interesting country. The huge mass of 
data resulting from this survey is, as yet, unreduced. 

The ultimate realization of slowly crystallizing ideals of 
anthropological correlation is the Har\^ard Anthropological 
Surv'ey of Ireland. This is an audacious attempt to interpret 
an entire civilized nation through a simultaneous study of its 
prehistoric and historic archaeology, the examination of the 
skeletal remains of its past population, an anthropometric 
survey of its modern population, and an intensive study of its 
social organization in one typical county, fortified by samplings 
in other areas. This survey was organized under the writer, 
acting for the Division of Anthropology and the Peabody 
Museum of Harvard University. The archeological work is 
under the direction of Dr. Hugh O’Neill Hencken, assisted by 
Mr. Hallam L. Movius, Jr. The social anthropological 
survey is in charge of Professor W, L. Warner. The archaeo¬ 
logical and social anthropological portions of the research 
program were first put into operation. The fourth archaeo¬ 
logical expedition is about to take the field. During the three 
previous seasons, excavations carried on by Dr, Hencken and 
his associates have included that of the supposed classic site 
for Palaeolithic remains, Kilgreany Cave, County Waterford 
(which proves not to be Palaeolithic after all); several raised 
beach Mesolithic sites, mostly in County Antrim, together 
with later Neolithic sites; a number of Bronze Age tumuli, an 
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Iron Age fort, and three Late Iron Age lake dwellings or 
crannogs. All objects recovered become the property of the 
Irish Free State or of the Lister government. The work is 
carried on under the auspices of the National Museum in the 
Free State and of the Belfast Museum in Ulster. During the 
past season the Free State furnished archxological laborers 
under its unemployment relief scheme. 

The social anthropolog)' has concentrated upon an inten¬ 
sive analysis of County Clare by Professor Warner and his 
associates, Dr. Conrad Arensberg and Mr. Solon Kimball. 
The last two investigators have completed the gathering of 
data pertaining to every phase of social life in this county, 
together with necessary comparative materia] from other 
Irish areas. 

The physical anthropological survey has been operating 
for a little more than six months. Adequate anthropometric 
samples are being gathered In each county by Mr, C, W. 
Dupertuis, who has already measured and observed more than 
four thousand individuals. This summer it is planned to add 
to the anthropometric staff a specialist on skeletal remains who 
will examine a large series of burials from a certain very rich 
site, and a woman anthropologist who will undertake the 
measurement of Irish females and juveniles. 

It should be noted that this survey has had, from the 
beginning, the most enthusiastic support and the fullest 
cooperation of the government of the Irish Free State, the 
learned societies and scientists of that country, and, in fact, of 
every element in the population. Cooperation in Ulster has 
been equally gratifying. The organizers of this project have 
high hopes of the ultimate production of something ap¬ 
proximating a complete anthropological history of Ireland. 

Summary 

This paper has concerned itself primarily with an account 
and illustrations of the evolution of the conception of the scope 
and function of physical anthropology at one institution. It 
has not considered many by-products of this process, such as 
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numerous small researches dealing with the improvement of 
technique and special problems of physical anthropology, nor 
the interesting process of standardizing and mechanizing the 
recording and statistical reduction of anthropometric data. 

The foregoing account has attempted to show how physical 
anthropology in this institution began with the performance of 
miscellaneous odd jobs on skeletons left over from archaeo¬ 
logical excavations, how it proceeded next to the analysis of 
much larger skeletal series in direct correlation with the 
archaeological cultures from which they emanated; how the 
anthropometry of the living was initiated by studies of special 
biological groups of some particular sociological interest, and 
extended further to the consideration of the physical features 
of entire national groups; how finally there has come about the 
conception that the completely satisfactory correlation of 
anthropological studies can be effected only by a simultaneous 
and coordinated attack upon any large problem by every kind 
of anthropological specialist available. 

Neither physical anthropology nor any other kind of 
anthropology can be usefully prosecuted in vnctio. The 
various phases of man’s organism and his behavior cannot be 
dissociated from each other. T envisage a social science of the 
immediate future in which great problems will be studied not 
only by all varieties of anthropologists working in unison, but 
also, with them, sociologists, economists, historians, legal 
experts, psychologists, physicians, geographers, zoologists, 
botanists, bacteriologists, and even students of government 
and education. 

Warning should be given that the synthesis of such 
cooperative studies will be time-consuming and expensive. 
One of the most crucial differences between a scientist and a 
politician is that the former insists upon investigating causes 
of social illness before prescribing remedies, whereas the latter 
feels impelled to administer copious and potent doses of 
whatever medicine he can lay hands upon, in order to per¬ 
petuate the confidence of his gullible patients. 

The lay patrons of the sciences, exact and inexact, natural 
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and social, should be educated to realize that final answers to 
great problems cannot be bought for cash down with delivery 
guaranteed within thirty days. Scientists are not purveyors 
of manufactured commodities of standardized output. They 
can but work out successive series of approximations to the 
truth and recommendations based upon incomplete and faulty 
analyses of stupendously intricate problems. The cutters of 
Gordian knots succeed only in damaging the ox-cart and 
leaving a hopeless tangle of loose ends. Finally, it may be 
stated that millions for research and not one cent for publica¬ 
tion is a policy which condemns scientists to the punishment 
of the daughters of Danaus—a perpetual pouring of water into 
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GENIC BALANCE, SEX-DETERMINATION AND SELECTIVE 
FERTILIZATION IN HYMENOPTERA 

P. W, WHITING 

Genetic investigations within the last decade have 
established the principle that the hereditary control in 
development of organisms depends upon balance of genetic 
factors or genes. It is the ratios existing among these 
hereditary units and their relative potency that determine 
whether a certain trait or group of traits shall become mani- 
fest. Absolute quantity of genic material is not the deciding 
factor in a growing organism since this fluctuates with cell 
growth and division. 

\\ hile this theory of genic balance on a ratio basis may be 
applied to most animals, there exist numerous examples in 
which the type of sex-determination has hitherto appeared 
irreconcilable with this principle. Among these supposed 
exceptions may be mentioned many aleurodids, coccids, 
thnps, mites and rotifers as well as the entire order Hymen- 
optera^ from the sawflies, chalcis-dies and ichneumon-flies to 
the bees, wasps and ants. The feature possessed in common 
among these forms, which has baffled students of sex-determi¬ 
nation, is the fact that the males, being produced by haploid 
parthenogenesis, have but a single set of chromosomes, while 
the females, coming from fertilized eggs, have the double set. 
Since it has been generally assumed that the two chromosome 
sets of the female (aN) are each identical with that of any 
given male (iN), the ratio among the genes should be the 
same in both sexes. 

Various authors have therefore attempted to solve the 
problem^ by hypotheses based on quantitative rather than 
qualitative relationships and have abandoned the theory of 
genic balance. Such explanations are admittedly inadequate. 
Genetic and cytological studies on the parasitic wasp Habro- 
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irtifon have further demonstrated the inadetpiacy' of quanti¬ 
tative hypotheses, for it has been shown conclusively that 
certain males from fertilized eggs are diploid {4, 5, 7, 14). 

After study of certain sei-Intergrades occurring among 
mosaic males of llahrobracon (13), a complementary theory of 
Bex-<lclermi nation was tentatively advanced (8). These sei- 
Intergrade mosaic males possess structures somewhat re¬ 
sembling female genitalia which are presumably caused to 
develop by interaction of two types of male tissue genetically 
different for sex-determining factors. Since such sexually 
diverse tissues may occur in a single mosaic male, it was 
postulated that two correspondingly different types of males 
also exist. The thcor>% as it has since been developed, may be 
briefly stated as follows: 

Females are diploid and digametlc possessing two different 
ses-chromosomes, X and Y, and a double set of autosomes, 
zA. They produce from unfertilized eggs two different types 
of males, X -h A and Y + A, in equal numbers. These males 
are phenotypic ally indistinguishable. 

The X<hromosome is assumed to contain one or more 
dominant factors necessary for the production of a female. 
This factor or group of factors may be designated F. The 
Y-chromosome is assumed to have another dominant female- 
producing factor or group of factors which may be designated 
G. Thus X contains F.g while Y contains f.G. A comple¬ 
mentary action takes place between F and G in female 
determination, while each of the two different types of males 
F.g and f.G, differs from the female by one or more different 
recessive factors. 

If the egg 15 fertilized by a sperm from an X 4- A male, there 
may be produced a female, X + Y -|- zA, or a diploid male, 
2X + 2 . 4 , according to the composition of the egg nucleus. 
Similarly sperm from a Y 4- A male may result in diploid 
males, 2Y 4 * 2A, in addition to females. 

Investigations carried out for several years have shown 
that diploid males are relatively In viable and are produced 
only if parents are closely related ([,6, 12). If parents are 
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from diverse stocks, however, all offspring from fertilized egg^ 
are females. Selective fertilization must occur, the homeo- 
syngamlc combinations (X + A with X + A or Y + A with 
Y + A) failing to take place, as demonstrated by eiperiments 
involving egg counts (3). There is no selection against either 
type of sperm with respect to penetration of the egg, but the 
genetic constitution of the sperm nucleus within the egg has a 
selective effect upon the maturation process determining 
which sex-chromosome, X or Y, shall be eliminated In the 
polar bodies and which shall remain in the reduced egg nucleus 
to take part in syngamy. 

Genetic proof of this theory of sex-determination (2, 9) 
has been by means of the recessive factor fused, affecting 
antennae, tarsi and wings of the mutant type. Heterozygous 
daughters, FuY/fuX, of a single recessive male, fuX, were 
crossed with a fuX male. Had the factor been non-sex- 
linked, wild-type and fused daughters should occur in approxi¬ 
mately equal numbers. Complete sex-linkage would result in 
no fused daughters. Actually about ten percent of the 
females were fused while ninety percent of the diploid males 
were fused. Crossing-over had therefore occurred between 
the gene for fused and the region of the chromosome concerned 
with sex- 

(FuY/fuX crossed with fuX produces 
females: 90% FuY/fuX, 10% fuY/fuX, 

diploid males: 10% FuX/fuX, 90% fuX/fuX, 
haploid males: 90% FuY, 10% FuX, 

10% fuY, 90% fuX.) 

The normal female chromosomal complex is not merely the 
doubled set corresponding to that of any given haploid male, 
X -I- A or Y -h A, for this produces a diplpid male, 2X + 2A. 
or 2Y -|- 2 - 4 . The female has the sum of the chromosome 
sets, X -f- Y + 2A, characteristic of the two types of haploid 
males, 

A full account of sex-determination in bees and wasps has 
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recently been presented (ii) and the subject of selective 
fertilization has been reviewed (lo). 
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ASPECTS AND IMPLICATIONS OF THE HORMONAL 
CONTROL OF THE MATERNAL INSTINCT 

OSCAR RIDDLE 
{R/ail AprU ig, rg3s'i 

I 

“But intelligence does not spring into being fulljr armed from the 
head of Zeus. It is born within the sphere of instinct, and at first 
grasps only a little of what instinct prompts.” Hob house. Mind in 
Evolution, London, l 9 iS- 

Exp Em MENTAL results obtained in association with Dr, 
Robert W. Bates and Mr. Ernest L. Lahr have shown that the 
maternal instinct in virgin rats (i, i), also the incubation 
instinct in fowl (3, 4), is under the immediate control of 
prolactin — prolactin being a hormone secreted by the anterior 
pituitary gland. In the present paper it is our purpose to 
note four points at which this demonstration of the dependence 
of an instinct upon a hormone contributes to theory of 
development, animal behavior and psychology. 

A word should be said at once concerning the nature of 
the activities evoked in the virgin rat by injections of the 
hormone> These activities comprise nest-building over 
young, carrying young to the nest, and cuddling or caring for 
young in the nest. Young rats, young mice or newly hatched 
pigeon squabs are treated in this manner after injections, 
though quite neglected prior to the injections. It seems 
fairly clear, though positive experimental evidence is still 
needed, that the primary motivation of all these activities 
comes from within rather than without; and we are fully 
convinced that, though the activities induced by our brush 

* A moviDf pictuK film lllutmiiai thli polqi wm ehewn st the Dewit 
of the Fedented Societies of ExperimeDt*! Biology, April M, ipJS; il*o 4t Uie meeting 
of the Atnericia Philoiopliical Society it which thij piper was read, April 19, 1935. 
The film U to be shown at the Intemationil Pli>'*iological Cbafttes, Moioow, Auguii, 
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injections of prolactin are usually less in intensity than those 
following normal motherhood in the rat, they are qualitatively 
the same. This same statement applies to the prolactin- 
induced behavior (incubation) and maternal care obtained in 
the fowl. Again, we hasten to note that the convenient word 
“instinct^* is used here to indicate an elaborated response— 
not a simple reflex—which can occur without previous 
learning, conditioning or habit formation. 

II 

To theory of development it is significant that a hormone 
has been found to act upon a I'arlety of tissues and processes, 
and at the same time to maintain an underlying unity of the 
several responses it CTOkes. In the present case the various 
responses are concerned with the feeding and care of young. 
Prolactin was earlier known to induce the secretion of milk 
from fully prepared mammary tissue, to cause the develop¬ 
ment of the crop-gland (gut tissue) and “ crop-milk” formation 
in pigeons, and to reduce the amount and activity of the 
germinal tissue (possibly this is an indirect response) ‘both 
testis and ovary—in birds during the period when eggs and 
young of these animals were being incubated and reared (a 
cessation of the egg producing activity is a necessity in birds if 
any eggs and young are to be reared). Since the same 
hormone is now found to induce the maternal instinct in rats 
and fowl—thus somehow affecting nerv-e tissue—we here have 
an instance in which a hormone acts upon several ^Uite di^eretit 
tissues or processes of ike body; there is, however, relationship 
and organization of these quite various processes, since all 
center upon care and feeding of the young. 

III 

Observations showing that the maternal instinct normally 
appears periodically in the animals studied, and experiments 
showing that when prolactin is injected—at periods and states 
quite out of step with the usual in the organism—the maternal 
and incubation instincts are induced, supply some evidence 
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that the hormone prolactin is released from the piiuitan,'^ in a 
periodic manner. Other earlier studies on prolactin have 
indicated this same thing. A similarly sharply delimited 
periodic release of a hormone having to do with developmental 
changes (as contrasted with maintenance) in mammals has 
perhaps hitherto been found only in the case of the corpus 
lutcum hormone, and in that case the organ producing the 
hormone has only a temporary or periodic existence. Since 
the functions of prolactin in the adult are probably not fully 
explored, and since the pituitaries of at least certain embr)''os 
have an unusually high prolactin content (5), it seems 
probable that further effects of this periodically released 
hormone w'ill be found in the developing or functioning indi¬ 
vidual. Irrespcctiv'e of the outcome of further study certain 
aspects of cyclic behavior already find their more immediate 
explanation in the periodic release of prolactin. 

IV 

In the genetic approach to the study of behavior this 
elucidation of the maternal instinct also has distinction 
because it is perhaps that “instinctive” type of behavior which 
appears latest or last in the life history of the individual. The 
very nature of maternal behavior identifies it with adult life. 
The activities associated with the sex urge—most of which are 
usually credited to action of the hormones of the sex glands — 
have necessarily preceded it. 

The full power of prolactin to initiate the broody instinct 
in fowl, and probably also the maternal instinct in virgin rats, 
has been found to depend upon a previous action of the sex 
(gonadal) hormones. Thus we here find—I believe for the 
first time in the psychic sphere—a normal development or 
response which rests upon a iuccession or chain of hormonal 
actions. This succession being: estrin—f progestin—» pro¬ 
lactin, This same succession was known to be concerned in 
the development and excitation of the mammary glands as 
precedent to milk secretion. In the case of the incubation 
and maternal instinct in fowl (j, 4) it was shown definitely 
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that a full expressiou of the instinct could be induced only in 
individuals whose germ glands were actively producing the 


sex-hormone. 


V 


The total observed maternal behavior following our 
hormone injections probably involves more than that which 
may strictly and properly be called the maternal instinct. 
Not onlv does heredity provide a frame-work for appropriate 
reflexes and sensori-motor action, but persistent interest and 
intelligence proper—in a fairly mature and skilled animal— 
seem to share in the newly invoked activities. 

Though the mechanism by which the hormone affects 
neural state or function is wholly unexplored this case provides 
a superior instance of somatic or extra-neural participation in a 
normal psychic state. The administration of this hormone to 
an otherwise adequately developed rat obviously endows the 
animal with a quite new, normal and necessary psychological 
experience; and, the apparently necessary and legitimate 
inference from the induced activities (behavior) is that the 
introduction of the hormone temporarily adds to such a rat 
a new element of coTisciousriess4 


VI 

SURIMARY 

The hormone prolactin elicits a related series of responses 
though quite different tissues arc involved in these responses. 
Despite differences in the responding tissue a unity or organi¬ 
zation is observed in the circumstance that all responses relate 
to feeding or care of offspring. 

Certain hitherto unanalyzable aspects of cyclic behavior 
find their more immediate explanation in the periodic release 
of prolactin from the animal’s pituitary gland. 

It is thought that for the first lime in the psychic sphere a 
normal development or response is found to rest upon a 
succession or chain of hormonal actions. In this case the 
series runs lestrin —» progestin —» prolactin. 
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In an otherwise fully equipped animal the birth of an 
instinct as a response to a hormone seems to warrant the 
conclusion that to this animal the hormone temporarily adds 
a new element of consciousness. 
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PUBLICATION AS A SCIENTIFIC PROBLEM 


J. TU SCHRAMM 

{RtaJ April li, Jpjj) 

The results of researdll are not generally effective until 
published. Publication is thus the final step in that long 
sequence involved in the cumulative advance of knowledge. 
These are commonplaces, but they serve to remind us that 
facilities sufficient to publish the creditable work with 
necessary completeness, but no more, are vital in scientific 
progress. 

That these facilities are not adequate, at least in biology, 
the field to which I shall largely confine myself, or at any rate 
are not satisfactorily integrated with the rest of research 
activity, is apparent on ail sides. Many journals are one, 
two, or even more years behind acceptances; illustrations often 
are poor and Inadequate; material in special subjects is widely 
scattered, even in those fields having special Journals; most of 
us know of meritorious manuscripts for which there is no early 
prospect of publication, because the necessary funds, the 5 
per cent more or less of the total cost of the research, has not 
been assured for this final step though the 95 per cent more or 
less has been spent without meanwhile bearing fruit. Though 
not limited to this class of papers, the longer more mono¬ 
graphic articles are especially penalized. Also, many journals 
place a definite limit on length of papers, and charge the 
excess of cost to the author. It may be that this is done 
partly in the hope of stimulating authors to say more in fewer 
words; but it does not always work out that way. It did not 
require a genius to think of the simple expedient of breaking a 
manuscript into two papers or more, which, submitted 
separately, may have a total length greater than that of the 
original one. An additional regulation in some journals, 
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whether to discourage this tendency or not I do not knoWj is 
to limit the number of papers or pages which an author may 
publish in a year. 

Obviously, short papers at frequent intervals do not solve 
the problem. In fact, the above restrictions may have 
contributed to the strong present tendency to publish early 
and often. Whatever the causes (and there are to be re¬ 
membered the yearly administrative calls for bibliographies 
for annual reports), one cannot but regret the relative 
infrequence of the comprehensive but not necessarily long 
paper. The world of science is not M^aiting breathlessly to 
hear each month or each several months what w'e individually 
have been doing, especially not through the double medium of 
the preliminar)'' and the final paper covering the same ground. 
It is quite content to wait for those contributions in which one 
month^s work is integrated with that of the next until a well 
grounded whole is ready for presentation. 

But this is a large and complicated subject, and we are 
concerned with it here only in so far as it affects publication. 
There is an important place and need for the prompt publica¬ 
tion of short papers of limited scope. Granting this, it would 
appear that our publication program should foster a tendency 
In the direction of fewer and better papers, so grouped as best 
to serve the various branches of science and their devotees, 
and published adequately, but with the utmost compatible 
economy and efficiency. 

Is it too much to hope that some such general program can 
be approximated.^ In attempting to answer this question it 
will be evident at once that all these desiderata are found in 
&omc serials, certain of them in others. In short, there Is no 
inherent insuperable difficulty. What seems to be required 
15 a thorough knowledge of the basic facts and factors and 
their application,—in short, a scientific approach. Experi¬ 
ence and knowledge already existing are probably sufficient to 
serve as the basis for the needed improvement, but they 
need to be mobilised, integrated, and made generally available- 
The problem thus has large educational aspects. If it is to be 
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undertaken in a thoroughgoing way, it will call for careful and 
sympathetic consideration of all factors and needs, and It will 
aim at making readily accessible dependable information. 
Freedom of action must be safeguarded, but there should be 
provided the necessary information to permit voluntary 
decisions In the best interests of the science and those w'ho 
cultivate it. It has been my experience that those charged 
with responsibility for journals are eager for comprehensive 
and reliable information, and deplore the lack of widely 
available sources. If the problems are approached ob- 
jectively, and we carry over into this realm the critical 
detached attitude to which we aspire in research, can it be 
seriously doubted that progress would be made? 

In this connection it is important that progress be made 
soon if we are to continue to publish creditable researches in 
reasonably complete form. Already drastic schemes for 
meeting the situation arc being seriously considered, even 
proposals that printed publication be limited to well indexed 
abstracts. Under such plans the complete papers would be 
available only on special order as photographic copies of the 
original manuscript on deposit at a specified center. 

Of the many aspects of publication, perhaps the simplest, 
because freest from subjective elements, is that concerned 
with physical form and make-up. On the other hand, it is the 
most technical, and much lack of understanding is abroad, 
even among editors. It is not to be expected that editors will 
necessarily Inform themselves technically, but they should be 
aware of the relation such matters have to other broader 
aspects of publication, such as cost and permanence, and see 
that -these are properly considered where, as in America, 
scientific journals are so generally managed by societies and 
research insiitutions rather than by commercial publishers. 

Machine composition is practically universal, and con¬ 
tributes largely to economy. These machines are mar^'^els, 
but their fiexibility, great as this is, has its limits. What is 
the range within which these machines operate with greatest 
economy? Obviously this is a technical question, but it 
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requires a definite answer if we are to draw up tvpographic 
specifications that will result in economical printing. Printers 
hesitate to make unsolicited suggestions looking toward 
specifications better adjusted to the machine's economical 
capacity lest the suggestions be construed as efforts in their 
own behalf; but they usually cooperate if invited to do so. 
Also, experts representing the large manufacturers of type¬ 
setting machines are available for consultation. 

A single illustration will suffice, taken, as it happens, from 
the monotype system, "The monotype machine w'lll handle 
with maximum economy not to exceed 125 characters, and 
then only if these are in their accustomed positions in the 
mechanism. Suppose, as is true of many technical journals, 
the typography requires ordinary'' Roman, boldface, and italic, 
each in capital and small letters. This makes 6 alphabets or 
156 characters. The corresponding sets of figures add 30, or a 
total of 186. Necessarj' punctuation, accent, and kindred 
marks, some of which differ in Roman, boldface, and italic, 
with the more common special characters needed, bring the 
total to or beyond the maximum of 225. If now', as is often 
the case, small capitals also are desired, 26 characters must be 
added. Obviously, something must be eliminated. The 
printer leaves out of the mechanism the characters least used, 
provided that by so doing it is possible to accommodate others 
more essential. However the matter is adjusted technically, 
the operator can do no better than strike a blank when he 
encounters a character not in the mechanism. These missing 
characters must subsequently be inserted by hand from 
movable type, which obviously increases composition cost. 
Knowing this, a clearcut basis is provided for deciding whether 
the importance of, (f.g., small caps, justifies the added cost. 

There is another reason for preparing definite specifications, 
at least in those directions in which price is materially affected, 
and this is that the proposals submitted by printers may be 
comparable. 1 am convinced that not infrequently, especially 
in the case of new or modified journals, no reliable basis exists 
for comparing prices, and this through no fault of the printers. 
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There are numerous other questions of format and 
typography by no means unimportant, some of them vitally 
affecting costs. These cannot be discussed here, but they 
should not be forgotten for they most certainly wilt turn up 
realistically in the bills, either to our satisfaction or to our 
regret, depending on how we have dealt with them. Lest 
there be misapprehension, however, it should be emphasized 
that considerations of economy and of desirable makeup do 
not necessarily conflict. 

In scientific publications, degree of permanence of the 
paper is important. Only a very few fortunately situated 
publications can consider lOO per cent rag paper. For the 
great majority a paper wholly or largely of chemical wood 
pulp is used. What is the probable life of such papers? 
What should be specified to secure the best prospects of long 
life? Docs admixture of rag increase durability? If so, how 
much rag is required to give added permanence? These and 
others are technical questions to which complete answers are 
not forthcoming, but some general principles have emerged, 
and much detailed information is available which should be 
utilized to insure in so far as possible that our records shall 
have sufficient permanence at reasonable cost. 

Perhaps no single detail has given rise to more discussion 
than the problem presented by detailed data, especially 
tabular, because of the expense of composition. The sug¬ 
gestion that, in lieu of publication, the detailed data be de¬ 
posited in some announced place w'here they can be consulted 
or photographs obtained, seems to me to have certain serious 
disadv^antages. At least, what would seem a more convenient 
and feasible method has been suggested, and tried successfully. 
1 refer to the scheme of greatly reducing the size of the 
necessary data by photographic methods direct from very high 
quality typed copy, thus substituting inexpensive cuts for 
extensive and costly tabular composition, and making each 
printed copy self-contained. True, a reading glass might be 
necessar}*^ for detailed examination, but is this really much of 
an inconvenience? Certainly, every other possibility should 
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be explored before we resort to the practice of dividing a 
publication into two parts geographically separated but both 
necessary for critical study of the paper, however unnecessary 
the detailed data for those less intimately concerned. 

Possibly the same idea would apply to certain other types 
of material. Taxonomic papers revisional or monographic in 
character often devote much space to detailed records of 
specimens examined, sometimes accounting for over half the 
printing cost. Such records are valuable, but would it be 
unreasonable to ask those w'ho has-^e occasion to consult these 
details to do so with the aid of a reading glass, especially if by 
so doing it would help in more nearly balancing publication 
and scholarly output? 

These illustrations from the physical side will suffice to 
indicate that a comprehensive objective approach to these 
problems gives promise of producing valuable results w'hich 
many publications might use to advantage. 

We come now to the problem of management. American 
scientific periodicals usually are’ managed directly by the 
societies or institutions concerned. In some cases the publi¬ 
cations sen'e as an important if not the chief support of the 
corresponding libraries through the medium of exchange. In 
others, e.g., national societies w'ltli no permanent institutional 
residence, interest is wholly in subscriptions and sales as no 
librarj' is maintained. The difficulties that all these publi¬ 
cations have faced from time to time are well known, but this 
may be said, — they have been maintained and at very moder¬ 
ate prices, partly because no profits were expected, and partly 
because with rare exceptions editorial services are contributed 
free; in short, the whole problem is to meet printing costs. 

Contrary to the practice in Europe, especially Central 
Europe, relatively few of our publications are owned or 
managed, or both, by commercial publishers. The motive of 
a commercial house undertaking such responsibilities may 
be interest in science or in advertising, or a mixture of the two; 
but whatever the motive, this form of management usually 
results in higher prices, so much so in some cases that it has 
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become a matter of grave concern, as recent dlscuasions in 
scientific and library publications testify. 

Few journals owned and edited personally remain to 
remind us of the energy and leadership responsible for the 
initiation of many publications now in corporate hands. The 
experience of these enterprising individuals is invaluable, 
though the present tendency is mainly in other directions. 
Still another form of management is that furnished by 
universities, often through specially organized presses. This 
form probably represents a condition intermediate between 
society management on the one hand and conduct by com^ 
mercial publishers on the other. 

Finally, in a few instances in America a unique form of 
management has developed whereby a research institution 
undertakes to manage publications without disturbing edi¬ 
torial arrangements, either by acquiring ownership or by an 
agreement whereby ownership remains with the society or 
group. I refer to such institutions as the Wlstar Institute and 
the Brooklyn Botanic Garden, which are rendering such 
service to two important groups of American biological 
publications. This type of management appears to offer both 
good fiscal arrangements and administrative experience, often 
not available to society publications with rotating manage¬ 
ment; also it offers a better understanding of the point of view, 
psychology, and needs of scientists, often Inadequately grasped 
by commercial publishers. 

Mention should be made also of a recent tendency which 
has an important relation to journal management. Except in 
institutions which maintain their own publication facilities, 
publication and especially its cost usually receive no con¬ 
sideration in research plans or programs. We seem content to 
hope that channels of publication will be found; usually they 
are finally found, but often they are inadequate, and not 
infrequently in inverse relation to the extent of the contri¬ 
bution. Since publication is an essential step in effective 
research, it is encouraging to note a tendency In some quarters 
to give it attention in planning and budgeting research, and to 
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consider at least a part of the cost of publication as a legiti¬ 
mate charge against the cost of research. Xhus^ a few years 
ago the physici&ts adopted a policy whereby the institution 
sponsoring a research is assessed an amounit per page toward 
the cost of publkatlorij representing not the whole cost but a 
contribution toward it. A special fund has been secured to 
meet this assessment when an institution cannot for one reason 
or another do so. The experience with this procedure would 
be illuminating in any general consideration of publication 
problems. 

Biology contrasts sharply^ perhaps unavoidably, with 
sciences such as chemistr^^ and physics in that it has a very 
large number of journals, paralleling in large part numerous 
societies of which they are often the organs. Many of these 
represent older societies dating from a time of less marked 
specializalion. These organizations have budded off a lusty 
progeny of vigorous, more specialized societies which in lime 
have established or adopted official organs w ith correspondingly 
specialized content* Naturally, these two classes of journals 
cultivate more or less the same fields and to this extent overlap 
and compete, raising problems with which most of us are 
familian It is not our purpose here to suggest specific 
remedies for these problems but rather to call attention to the 
fact that they exist and that sooner or later they will require 
some solution. 

There remains the v^ry large question of the relation of the 
author to the general problem. This Is probably the most 
difficult because many more individuals are directly involved, 
the human element enters in more immediately, and the 
problem of reaching those concerned is complicated* But the 
possibilities are perhaps correspondingly great* Dr* McClung 
BO ably discussed this matter before Section F (Zoology) of the 
American Association for the Advancement of Science at the 
19^8 meeting (Scunc^^ Feb. 3 , 1929), that it would be violating 
one of the sound canons he developed were I to indulge in any 
needless repetition of his remarks* 

But in this connection I may be permitted to comment^on 
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the concern sometimes expressed that attempts to furnish 
guidance in the matter of publication would be an infringe¬ 
ment on the freedom of authors. Experience has shown that 
sensible suggestions are but rarely resented. This would 
seem to indicate that effective pertinent guidance in readily 
available form would fill a general need and 6nd tvide- 
spread application, with profit to authors, editors, readers, 
and budgets alike. Those xealous guardians of freedom, some 
of whom are willing to inflict heavy expense in proofs over 
matters no more important than the abbreviation of milli¬ 
meter, would then find little occasion to spring to the defense 
of oppressed authors; for such guidance would rely for its 
effeetK'^eness not upon compulsion but upon widespread 
voluntary compliance because of its obvious reasonableness 
and good sense. 

Finally, I should like to speak for a moment to the 
question; Under what conditions should an author expect 
publication in a Journal financed cooperatively, as is true of 
most of our journals? 

It is a matter of surprise, to me at least, to find that some 
feel that the first consideration in publication Is the author. 1 
had assumed, perhaps naively, that the science is the first 
consideration, and that whether or not a particular channel of 
publication isopen to an author is to be determined by whether 
the paper meets the standards as interpreted by those chosen 
to exercise this Judgment; whether it comes within the scope 
of the journal; whether the manuscript Is in suitable form; etc. 

If this general assumption Is correct, membership in a 
society does not carry with it an automatic right to publish in 
its ofliclal organ. Perhaps few think that it does, but it is a 
common criticism of some society research journals that 
editorial boards are reluctant to reject manuscripts from 
members, especially if these conform to the more routine 
requirements. This tendency is sometimes emphasized in 
contrasting American society Journals with continental publi¬ 
cations controlled by commercial publishers, who engage 
editors, usually for a consideration, who under these conditions 
feel no such inhibitions. 
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This is not the place to discuss the merits of these two 
systems. But it would appear that editorial boards of society 
research journals which feel this embarrassment may not be 
maintaining an altogether balanced perspective with respect 
to the other major elements in their responsibility, namely, 
that to the science and to the membership at large in limiting 
acceptances to what in their best judgment appear to be 
contributions meriting publication; and a similar responsibility, 
again largely to the same membership, in most wisely ex¬ 
pending the always limited and inadequate funds contributed 
through subscriptions and other channels. 

Though the problems are many, complicated, and difficult, 
it is encouraging that such organizations as the American 
Mathematical Society, the American Physical Society, the 
General Education Board, the National Academy of Sciences, 
the National Research Council, and others have in recent 
years given more or less attention to various aspects of 
publication. It is to be hoped that such efforts will eventually 
result in a thorough study of all phases. And if the resuits 
become widely available in readily understandable and 
correlated form, they will contribute substantially to a better 
adjustment of publication to research needs. Finally, it 
must not be overlooked that inventive genius is at work, and 
that revolutionary changes In the art of printing (r.g., the 
possible use of the photoelectric cell in mechanical type¬ 
setting) may come at any time and help solve the present 
problems of Ecientiffe publication. 


A PROVISIONAL HYPOTHESIS OP CHILD DEVELOPMENT 
CHAS. B. DAVENPORT 
Apr3 ip, zpss) 

Ix the course of developmeDt the child passes through a 
most remarkable series of changes in form and fuitction. In 
the course of some 40 weeks it is transformed, by a long series 
of changes, from a minute spherical egg to an infant capable 
of complicated and useful movements and endowed with the 
capacity for further growth. Our problem is: What controls 
this series of orderly changes? Let us loot at some of these 
changes (Fig. i). At an early stage the embryo is almost like 
a segmented worm, then later the head end grows faster than 
the tail end. *‘G1II bars” appear on the neck corresponding to 
those of fishes. There is a long tail which gradually becomes 
relatively smaller. Its fore limbs, which develop in the be¬ 
ginning faster than the hind limbs, are at first paddle-Uke as 
in fishes, later become segmented. 

This resemblance of the early stages of the child to the 
early stages in phylogeny has often been remarked upon. 
It is misleading to think of the child as passing through 
stages represented by the fishes, amphibia, reptiles of today, 
but rather we should think of it as passing in development 
along the same way that its ancestors did, as indicated by the 
black line of Fig. 2 . It has gill bars because these arose in 
its phylogeny and have been retained in ontogeny long enough 
to permit the building up of blood vessels of the neck, the 
hyoid (or tongue) bone, the thyroid glands and a dozen other 
organs which are made out of those gill bars before they 
disappear altogether. 

Again, our problem is; What is the mechanism by which 
the child is built up as it travels along this old path which its 
ancestors trod? 

First, the relatively huge egg and the minute sperm must 
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Fre- in Sumnaaiy of tJic carljT d«v«Iopm£iital &iag« of the human cmbr>’o, after 
Kqlltuflon. I, The is attached |ci the maicnsaL ii&suea; 2^ the embryonic child la 
clongaLtas; 3, muiclc musci begin to show as a aerie* of comprea^ed apher^ on 
aide; 4, tta^ with temporarjr binki tie hint U itr^iehiencd nut* the head Is cnlarffd; 
6* ^meotatiDn of the trank appears; 7, 8, the embt^'O ttnth giU-iilita and the 
beginning* of the formation of appendagea, 

unite to insure this development. In both egg and sperm 
there are two groups of substances. One group is contained 
in a special-body called the "nucleus.” This nucleus con¬ 
stitutes practically the whole of the head of the sperm. In 
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MAN AMONG THE VERTEBRATES 


Tiq. a, Phylogenttic tree of man^s evniy cienary hlatery, hy Wm. Ki Gregosy* 
equrtesy of tbe Anieritaii Museum of Natural History, Naw York. 

the egg it has about the same solids as in the sperm and com¬ 
pared with the rest of the egg it is a small body. The rest 
of the egg cell, outside of the nucleus, is called the *‘cyto- 
plasm.” In the sperm cell the cytoplasm is a delicate thread 
or tail of which little enters the egg, whereas in the egg the 
cytoplasm is several hundred times as massive as the nucleus. 
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Obviously, the cytoplasm of the egg affords the principal 
building material for the child’s body. The cytoplasm of the 
egg (Fig, 3 ) consists of many kinds of substances. In the hu¬ 
man egg, at which you were just looking, there is no obvious ar- 



Fic. 1+ A humin just bcaeaiii ilae lurfaccp tli£ yeUow yolk 

granule* about in focui and ’^ht moi^ic of white yolk uphenei CV^^ Hp Lewlt^ 



Fic. 4. Typca of egg orgADizAclaq in dEffcrent animal phylau Crosa batched 
afea inesoderm or racHDchyine hdriiontal linet endoderm (end); unilijided area 

«ciodenn (eet]- In ihe fint four ihc pattern of |pcAlb£adoa ii that fovnd 

about the time of the hnt cleava^; in the laat two ftgam the patum U that found at 
a Later au^e^ a.pr^ ncurAl pUie; ch.^ chorda; cerebral ganulioa; v.g., ventral 
gang] ion I pmto,., ptototroch (E* G, QjEitliii, 
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rangemcnt of these materials, but in many of the lower 
organisms (as Conklin especially has shown) there is an organi¬ 
zation of the different materials into different strata (Fig. 4), 
We may infer that something of the same thing is true in the 
human egg* But the substances in the different strata of 
the egg are of themselves insufficiently active to bring about 
the metabolic changes required for the building of the cell in 



Fic, Cbmpoupd of a fl>”- The band* Eudicate the poikEon of 

the dupikdied scveril times to form the erosi ba-itd X ijOO. Ciurteijr of 

C W. Meta. 
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the hour or two available between cell division& in the early 
stages of the developmentj or for the production of formed 
substance during the longer period available in later stages^ 
or the production of particular secretions that are elaborated 
and periodically renewed in the cell for the general purposes 
of the body- 

In the nucleus there are minute panicles tvhich are com¬ 
monly called genes” which are known to play specific roles 
in difFereutiation and are able to act as organic catalysts 
(that iSt “enajymes”) to accelerate metabolism. 

Of these catalysts in the cell there are hundreds, if not 
thousands^ of kinds and there is reason for thinking that each 
of them IS essential to cell life and cell reproduction. In 
order to insure that the complete complement or quota of 
genes get into every cell at ceil division the genes are arranged 
in linear series in a thready so-called ^'^chromonema/* in 
which the genes become doubled and then the chromonemata 
split in two, one half going to each of the daughter cells. 
During this process the chromonemata are usually coiled up in 
what are called “chromosomes,” or colored bodies. 

The enzymes are so precious for the ceils that in every cell 
division the full quota is carried ov'er into each daughter celL 
One is reminded of the way in which certain ants that raise 
a food fungus upon leaves find it necessary, when they start 
to build a new home, to carr^'' with them some of the threads 
of this delicate fungus in order to continue it in the new colony* 
The genes are extremely small objects and can not ordinarily 
be seen in the chromonemata. There are, however, some 
compound chromonemata which show transverse bands, each 
one of which is believed to represent, in locus at least, a gene 
which has been multiplied several times transversely, so as 
to form the band across the compound chromosome (Fig- 5)- 

In the lower organisms, w here the number of 

genes is probably very much less than in man (just because 
the number of organs to be built is very much less) the 
necessity for precise division of each gene appears not to be 
present; no chromonemata are formed, but the little particles 
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which we assume represent genes are assembletl In orderly 
array at the equator of the dividing cell and approximately 
one-half go to one daughter cell and half to the other (Fig. 6 ). 

Our problem now is: What is the relation between the genes 
and the cytoplasm in the development of the childf In the 
resting cells the genes are all located In the nucleus. The 



Yiq* 6- Pliotflstiph. oi a. bacd or plate" oF in an Amcrba that fs about 

Id divide- Here arc no true chroinosonia. Courtcajr of H, VV- Chalkl^^ pboio 
la^kcn b>~ R. Eade. 


cytoplasm in the cell is usually crowded around the “resting” 
nucleus. Evidently here at the wall of the nucleus is a center 
of great metabolic activity. This is shown very well in 
cells which are actively secretingj as in the case of the cells 
of the pancreas (Fig. 7 ), The nucleus is seen to be located 
in the midst of a dense cytoplasm, while the products of the 
metabolism are accumulated in the outer end of the cell, 
where they may empty into the duct and be carried to the 
alimentary tract. A similar condition is found in the 
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cells of the salivar}^ glands. The nucleus lies in the region 
of great metabolic activity in the base of the cell; the rest of 
the cell is used for storage. 

During this penod of great activity of the nucleus where 
arc the genes located? There is reason for thinking that the 
genes are usually located at the membrane separating the 
nucleus from the cytoplasm. This location of the genes (or 
their representatives) in the nuclear membrane, is well shown 
in many nascent sperm cells (Fig. 8 ). 

The relation between the genes and the cytoplasm and 
the way In which they interact to build up the cell may be 
indicated hypothetically by Fig, 9 . Here we have located, 
at the nuclear membrane, five genes. These are all different 
kinds of molecules, and hence ha^'e different shapes. They 
have, we may assume, all a negative charge. Under these 
circumstances any molecules in the cytoplasm W'hich have a 
positive charge will be attracted tow'ard the particles in the 
membrane, but they can successfully connect with them only 
w'hen they have a particular molecular structure, that is, a 
particular shape which will enable them to interlock with the 
complicated shape of the gene, if Interlocking Is successful 
then the combination may, it is assunacd, acquire a lessened 
negative charge. This reduced negative charge may, how¬ 
ever, be sufficient to attract a second kind of molecule which 
w'lll interlock with the first. Thus two molecules are brought 
together, their charges are neutralized and the neutral com¬ 
pound molecule is now separated from the gene and passes 
over to do its specific work in the cell—perhaps to build a 
cell wall, perhaps to build up a particular excretion or hor¬ 
mone, perhaps to lie latent until in some later cell stage it 
has an opportunity to unite with still other genes of the 
nuclear membrane. W’hcn the gene of the nuclear membrane, 
which we have been considering, has thus discharged the pair 
of molecules which it has united, it becomes available for 
the same process again, and thus there are produced a vast 
number of similar molecules through the activity of the gene. 
This process really goes on at a tremendously rapid rate. 
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Fig* 7 - Cclla of the puncrem of the gu mesi ^homing liidt jplifirei af Bccnctjoji 
about to be passed put iflto the duet, seen below and to left X 1355- After Beusley 
from htaximow-Blbom HLstologj^ W, Saunders CampaoVi pubEitben- 




Fic. 8, "Spermatocyte" in the Formation of the spcmi ceil of a sptdetp showing 
suimug Eubstance (probably repmentinf lenea) at the nuclear membrane (the large 
circle surrounding the light area w^ith a vei^' dark central body). From SokoJow. 

hundreds or thousands of molecules being united in a single 
second. A substance which accelerates the union of molecules 
in this fashion is known as an enzyme, and we think of the 
genes as enzymes acting to produce, with enormous rapidity, 
the required substances In each cell. 

Through the kindness of Professor J. A, Northrop I am 
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able to show you some ctystals of substances which are pro¬ 
duced by cell activity, no doubt by the activity of the genes* 
On the left arc seen crystals of a substance called “ trypsino- 
gen,’* It is formed in the cells of the pancreas. It is chemi¬ 
cally inactive. By further chemical change, expedited by an 



Pic. 9* Hj^poiheiical madiincqi- at the nuclear ttiemljranc' tot the formatlQn cf 
tpcclhe flvoI«cuIc» by eiKymc actton. 

enzyme, it is transformed into “trypsin,** a very active sub¬ 
stance, secreted by the pancreas. The enzyme that is respon¬ 
sible for the quick transformation is called “enierokinase” 
(Fig. lo). 

In any cell, at a given time, those genes can act which 
find fitting molecules in the cytoplasm upon which to act. 
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The genes can now only acc^lffsls chemical unions which 
are already set to take place and which might conceivably 
eventually occur without the genes. Unless there is an appro¬ 
priate molecular set-up in the cytoplasm any particular gene 
can not act in the cell, but will He fallow until in some later 
cell generation there have been produced molecules the chem¬ 
ical operation of which it is believed to activate. Thus it 
comes about that during development only one set of chemical 
processes can take place at one time, and those that take 
place in the immediately following time depend upon the 
molecules that have already been produced. Thus it comes 
about that the genes are able to do their work at the appropri¬ 
ate time and place, and thus the organism is built up in orderly 
fashion. 




SOME TWO-DIMENSIONAL DISTRIBUTIONS OF 
ELECTRICITY 

E. P. ADAMS 

1. The number of exact solutions that have been obtained 
for the problem of the distnbution of electricity on conductors 
is small. One problem that requires the use of elementary 
functions only is that of an infinitely long cylinder the cross- 
section of which is any sector of a circle. In order to solve 
this problem we shall use the method of conformal trans¬ 
formation described in a previous paper and applied to two 
Infinitely long circular cylinders. 

2 . Let a be the radius of the sector and za its angle at 
the center of the circle of which it forms a part. Take the 
origin of coordinates in the s-plane at o, the center of the 
circle, and the x-axis passing through the center of the circular 
arc. The upper half of the s-plane, which, on account of 
symmetry, is all that we need to consider, is shown in Fig. i. 



Fig. t. 

The transformation 

Kf - log s/f, (i) 

where w = « + w, gives 

K = log f/c, V = e, 

where r and 9 arc the polar coordinates of any point in the 
plane. Along the x-axis, from — » to o, f = t, and u de¬ 
creases from -|- to — «. Along the radius u increases 

^ PrQf:tfdingt PkilQjGpki£ai Xa t, VoL LXXV. 
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from — » to log aft, and v = a. Along the circular arc AB, 
u — log ajc and t) decreases from « to o. Finally^ along the 
x-axis from £ to », ti increases from log a/c to », and 0 = 0. 
The K’-plane is represented in Fig. 2, and is to be transformed 
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to the upper half of the (-plane so that the boundary of the 
fp-plane becomes the real axis of the i-plane; points inside the 
boundary of the Kr-plane transform to the upper half of the 
(-plane. If we choose the real quantities m and n, the values 
of I that correspond to A and B, with 

w >»i>n>o> — 

the Schwarz-Christoffel transformation gives the following 
differential equation for effecting this transformation: 

Wc can choose one relation between m and »; it will be 
found convenient to take 

mn = t. (3) 

In going from / = + « to(= — □© along a semi-circle of 
infinite radius, w increases by iV. By integration along this 
semi-circle we get A = t. In passing along a semi-circle of 
infinitely small radius at ( = o, from left to right along the 
real (-axis, w decreases by i{r — a); so by integration we get 



The integral of (2} will be expressed in three forms, cor- 
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responding to the three ranges (2} 

fn > J > n, and (3) n > ^ > o. If these three integrals be 
denoted by «Pj and «?*, we have 


tPi I, a . L_, i ~ ’w) P'"' 

--jlogj.smh ■{ , I 

Ws I , ^ • • I f «*(«» - 0 

T-;i°g;-.»"-j 1 I 

i • - f " - < I*" 

I , a . a , , , f I — 

_ _ ^ log- - 1T = smh ^ \ — - } 

2 2 ® c 2 [ fM® — 1 J 


m ■ [ lim- — t) J 


i/i 


These integrak satisfy the conditions, 


^ = m, wi = = log d/cj 

i = = log ajc + ia. 


(5) 

( 6 ) 


( 7 ) 


3* We shall need the relation between s and t when both 
these variables approach infintty. The inverse hyperbolic 
functions in (5) may be expressed in terms of logarithmic 
functions; when this is done and we take the limiting valnes 
for large vie find 


Limit - — 

f ^ 


/ M + I y^* fn* — I 

V m — I / 4md 


( 8 ) 


We shall also need the relation between r and t on the 
radius OA. Since 

*t’i = log r/c + lot 

on this radius^ we get from Cy) by turning to logarithms, 

r _ U{m- " 1)1^^** 
o ra* — I 


I + — 2mr + ljm(l — mt){m — . 

£ 2 m — m*i — i 4* 2|w*(i ” fnl)(m — 
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When t and r approach zero, near the origin o, wc get 

1 )'- 
a 

On the circular are, 


|i;m I 

Limit ■— = - (»i* 


{«l + l)* 


(lO) 


jtfj = log ale + i9, 


and we get froni ( 6 ) 


= sin-»| 


m(m - /) 1'^ * • -. f “ 




I 1 


m 


nt - t P^* 
m* - I)1 


(ll) 


4 - We shall first suppose the cylinder to be freely charged, 
with Q as the charge on unit length. Referring to Fig. i, we 
sec that the .r-axis from — » to o is a line of force; we shall 
take this to be if' = o. If we take = o as the potential of 
the cylinder, ^ will increase from — « to o along the :ir-axis 
from — « to o. Along OJB, ^ = o, and ^ increases from o 
at 0 to 2rj3 at B, The ar-aiis from 5 to 4* « is also a line of 
force; along it ^ = z-xQ and decreases from o to — «* 
The x-plane, where x = ¥> + represented in Fig. 3 , and 


B 


m 




A 

0 


3. 


its transformation to the l-plane is given by 

^_ c 

dt " {f(f - mj * 


(iz) 


Since X decreases by 2rri|2 when t describes a semi'.circle of 
infinite radius from i = -f* ac to f = — ee, we get by Integra- 
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From this we get the value of at where t = i/«i, 


(*3) 


^ = nvQ - 4^ sin-‘ ^ ^ ^ 

The charge on unit length of the curved portion of the cylinder^ 
01, is given by the relation, 

t-wQi = ^(i = wj) — T^(t = i/m), 

and the charge on unit length of the plane portions of the 
cylinder 04, by 


So we get 


2ir02 = V'Ct = I/m) — ^0 = o). 



— Q ~ Qi- 

For a semi-circular cylinder, with or = t/z, m — 2, we find 
that two-thirds of the whole charge is distributed over the 
curved portion of the cylinder and one-third over the base. 
The surface density, ff, of the charge on the conductor is 


given by 


dx 

dz 

■p 

(14) 

Now 






f^X _ dx dt dw 
ds dt dw di ’ 

(15) 


and so by (12), (2), and (0» we have 

^ ^ I 

da " I I 1711 — I J 
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From this wc find the surface density on the curved portion of 
the cylinder to be given by 


Vl 


H 

2Ta \ 


int — I / 


(I6) 


The values of ( in the range i/m ^ $ »i, corresponding to 

any values of 8 in the range o ^ ^ are given by (ii). 

The surface density on the plane portions of the cylinder 


is given by 


ei 


Q f 

iTf \ t — mt 



(17) 


where r is the distance of the given point from the centre, 0, 
of the circle. In this case i lies in the range o ^ ^ ifm, and 

corresponding values of t and r arc given by (9). At the 
point o itself, where r = o and r = o, we must evaluate 
We find from (lo) that if « = ir/2, the surface density 
at o is finite; it Is zero if a is greater than wfty but Is infinite 
if a. is less than x/2* The surface density is infinite at Aj ' 
where t = i/m, in every case. 

5, For a semi-circular cylinder, with = 2, equation (i i) 

reduces to 

The distribution of the charge on a semi-circular cylinder is 
shown in Figs. 4 and 5. Figure 4 is plotted from (17) and (9); 
the abscissae are r, ranging from o to 1, and the ordinates are 
iraalQ* Figure 5 is plotted from (16) and (18); the abscissa 
are ranging from o to ir/z and the ordinates are the same 
as in Fig. 4. 

6. We shall now determine the distribution of the induced 
charge on the cylinder when it is placed in a uniform electric 
field, taking first the case when the field is along the x-axis. 
The potential of the external field may be taken as Fx, The 
X-plane for the uncharged cylinder is shown in Fig. 6. The 
whole Af-axis outside the cylinder is a line of force, the potential 
increasing from — <» to + «> along it. The point S scpa- 
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rates the negative indnered charge to the right from the 
positive induced charge to the left. We shall take / = j as 
the real value of I corresponding to this point. Then the 
transformation to the r^plane gives 


dx C{t .r) 

dt — 7;i) 1^'* 


(19) 


The integral of (19) may be written in either of the forms 

3tj = C{tC( " / > Bi, (20) 

Xt = tC|<(jfl t<m. izi) 


In order to satisfy the conditions 


and 

we must have 


Xi = ^ when t ~ m 

Xj — o when t = o, 
j — H1/2. 


(22) 


This determines the position of the point of equilibrium. 
When t approaches infinity, (ao) gives 


Xi = Ct, 


and as the real part of xt must approach the value /x, we get 
from (8), 



where m has been expressed in terms of o by (4), 

The charge induced on unit length of the curved portion of 
the cylinder can be found from (2:) and is 


01 = 


_c 


fafzir — 


There is an equal and opposite charge induced on the plane 
portions of the cylinder. 

The point of equilibrium, S, will coincide with the edge, 
of the cylinder if r = m/2 = i/m, so that m = This 
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value of m corresponds to an angle a given by 


«o = jU " Vi) = 52^43'- 

If ff is greater than tro the point of equilibrium lies on the 
curved portion of the cylinder, and it lies on the plane portion 
if or is less than this value. Its position in either case can be ' 
determined from (9) or (ii). 

The surface density of the induced charge is found from 
(14) and (15), where (19) is used in the latter equation. We 
therefore get for the surface density on the curved portion of 
the cylinder 

C { ^ mi , 

(^4) 

and on the plane portions of the cylinder, 

The constant C Is given by (*3). We must use (ii) for the 
relation between t and & in (24), and (9) for the relation 
between r and t in (25). 

If the uniform electric field is along the y-axis its potential 
will be Fy. The x-plane is now simply the t’plane turned 
through a right angle, so that we have 

X = — fCt. 


The constant C has the value given in (aj)* and we find the 
charge induced on the curved portion of the upper half of 
the cylinder to be 




I 


The charge induced on the upper plane portion of the cylinder 
is 


“ 4Tnt 


The charges induced on the lower half of the cylinder are 
equal and opposite to Qj and Qz. 
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The surface density of the induced charge on the curved 
portion is 

- ' _ /’t 1 u* 


Ct j m(m — t) 1 

4x<j I mt — I j 


This vanishes at t = »t. 
densit]^ is 

(Tj ^ — 


On the plane portion the surface 


Ci I frt(m f) I 

4irr [ I — fat I 


(27) 


It may be shown by the use of (10) that er* vanishes at f = o 
where r = o. 

By superposition of the results for fields along the x- and 
y-axes, the surface densities of the induced charge may be 
found for fields making any angle with the Ar-axis. 

7* In his ‘‘Recent Researches in Electricity and Mag^ 
nctism,” Articles 245 “ 254 > Sir J. J. Thomson solves a number 
of problems by the indirect method of assuming certain 
relations, expressed in terms of elliptic functions, between the 
variables z and the complex potential (denoted there by «r), 
and then determining the problem, to which any given relation 
applies. All of these problems may readily be solved by the 
direct method that has been used here. In order to show the 
application of this method to such condenser problems, two 
similar problems will be solved. 

Let CD and £F represent two infinite conducting plates 
at potential zero, and an infinitely long conducting strip, 
of finite breadth, at potential F, placed midway between the 
infimte plates- By symmetry, we need consider only the 
region enclosed within the dotted lines in Fig. 7. The jr-axis 



A B 




F 


Fig. 7. 
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is taken as passing through JB, with the origin at A, Trans¬ 
forming this region to the upper half of the f-plane, we get 

A, 

£ = - log ^ (iS) 

where zk is the distance between the two infinite planes. We 
shall take ^ — o for the line of force CA, and ^ = zvQ for the 
line of force BD^ where Q is the charge on unit length of the 
strip JB. The equipotential AB h — F, and along DC* 
= o. The x-plane is accordingly shown in Fig. 8. The 


P,__ B 


00 


* 

0 

—- 

1 


J 

C A 


Fjc. 

values of f at the four coroers^ C* B and D are taken aa 
Oj ij s and 50* Th^ Schwar^-Christoffel transfortnalioo gives 

^_ c _ 

dt ~ jf« - i){i - ^^9) 

To integrate, we put 

/ — jfl® X, 

with the modutus, k, given by 

^ i/j, 

and we get 

X “ ” aCkX -|- D. (jo) 

Corresponding values of /, X, and x are given in the scheme: 


r = 0 I 

S = l/k* Wj 

X = 0 K 

K + iK' iK', 

X = 0 F 

F + ZTtiQj ziriQ, 

Substitution in (30) gives 

D = 

0, 

kC = 

- HiK, 

Q = 

FK'/zitK. 


(3O 
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K and K* arc the complete elliptic integrals of the first kind 
to the moduli k and If a is the breadth of the strip, the 
modulus, kf is found from {28) by putting z = a andt = i{k\ 
with the result, 

A = 

Having determined k, the capacity of unit length of the con¬ 
denser is 

" 3ir A'‘ 


The surface density at any point of the conductor is given 


by 


4iro' — 


dst 


Its value at a point distant x from the edge J of the strip JB 
is found to be 


^ Wk Kf"'* - 

Let, now, the two infinite plates separate to an indnite 
distance. Then A = ao, A = 1, A = w, A' = x/3. F, the 
difference of potential between the strip and the two infinite 
plates, approaches infinity in such a way that, by (31)» 

A/A = 40 . 

On going to the limit, the surface density on the strip is given 
by 

^ g I 

3x(*(fl 

which is a known result for a freely charged infinite atrip of 
breadth a, with a charge Q per unit length. 

8. %^e next take the case when the infinite strip is placed 
at right angles to the two parallel infinite planes, midway 
between them. The s>-plane is shown tn Fig. 9, By sym* 
metry, we need consider only the area inside the dotted lines. 
We shall take ( = o at C, / at A, and i at O and « at Z). 
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Then the transformation to the r-plane is given by 


rfi /f 

dt ~ !*(( - i))!'’' 

Since 3 jumps by lA at = kfr, and we find 


(J2) 


n - ^sin-‘(i - ty!*. 


When t — s^j. ^ li, if ih Is taken as the breadth of the strip. 
Therefore 



and 


, -ry 

= C0S*^. 


This gives the value of ^ at any point of the strip determined 
byy. 

The x-plane is the same as in Fig. 8 except that s and i 
are interchanged. We find just as before 


with 


X — — zOi + A 
/ = f jh'X 

D = o, 

C = - FjiK, 

Q = VKItK, 


The modulus, J&, of the elliptic functions is given by 
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and so 

The capacity of a unit length of the strip of breadth 2b i$ 
Sj ** K'/tK. 

VVe find the surface density on the strip just as in the previous 
case. The result is 

_ tQ _ 1 __ 

" SJC'h ! J / m' Trfr \ M'*’ 

I - cos ^ - cos ^ J I 

where y is measured from the centre of the strip. 

When the two infinite plates separate to an infinite dis¬ 
tance we get 

which agrees with the value found for the previous case when 
the strip was parallel to the inhuite planes. 

When the ratio of the breadth of the strip to the distance 
apart of the two parallel planes is small, the capacities of unit 
lengths of the two condensers are nearly equal; their difference 
increases as this ratio increaseSi The capacity Sj when the 
strip Is perpendicular to the planes is always greater than the 
capacity Si when it is parallel to the planes. For example, 
for 

bfh = fl/zA = 1/2, 

S, = 0.298s, 

Si = 0.3183. 

While for 

bik = ullk = 3/4, 

Si = 0.3778, 

St = 0.4677. 

9. The problem of the distribution of electricity on a 
freely charged cylindrical shell, that is, an infinitely long 
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cylinder the cross section of which is a circular arc, was solved 
by Bickley,* All of his results may be obtained rather more 
easily by the method used in this paper; the transformation 
(i) is required. The components of force and the couple 
acting on the shell in a continuous flow of fluid may also be 
obtained; the latter problem requires the same analysis as 
that of finding the distribution of induced charges on the con¬ 
ductor when it is placed in a uniform electric field. 

Another problem that can readily be solved by this method 
is that of the distribution of electricity on two infinitely long 
strips of equal breadths meeting at any angle. The more 
general problem of strips of unequal breadths was solved by 
Morton.* On account of the lack of symmetry when the 
breadths are not equal the method here used is not applicable. 

Afaj., js, 1918. p- 396. 

> PkU. Afas; I. 1916, p. 3 j7:1. ipafi, p. 9«- 


PiUTiCETia^t* N. J.j 
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tertiary plants from brazil 

EDWARD W. BERRY 


The oney posi-Palcozoic fossil plants from the over three 
and a quarter million square miles constituting the Republic 
of Brazil that have ever been described in print arc several 
collections made at different times by different persons and 
brought together tn a paper by HolHck and Berry ^ published 
in *924. These were all from the State of Bahia and within 
loo miles of its capital^ Sao Salvador and have been deter¬ 
mined as of Pliocene age. 

In such a vast region where comparable fossil floras are 
unknown nearer than the Andean region, and there only to a 
very limited extent, direct comparison of fossil forms is 
impossible. Much reliance was placed on the close resem¬ 
blance of the fossil flora from Bahia to the recent flora of 
^tropical South America, but in Equatorial regions except where 
there has been great orogeny, as in the Andean region, it is 
difficult to evaluate the effects of mere lapse of time. Finally 
an effort was made to fit the fossil flora into the geologists’ 
' picture of the physiographic history of the region. The 
conclusion from these various lines of inquiry was, as stated 
above, that the age was Pliocene, but whether early or late 
in that epoch it was impossible to surmise. 

The collections upon which the present study is based 
were transmitted to me in 1929 from the Geological Survey of 
Brazil through Oavid White, and obviously represent material 
which had accumulated in the Museum at Rio de Janeiro. 
For example, N^os. 1442 to 144^ were collected by Roderic 
Crandall, who I happen to know was John C. Branner s 
assistant, and this collection was made in X907. Those from 
the other localities arc as old or probably older, since the only 




* Holtick, A, a Berrj-, IlgpKinri,Tiire=niit)f Studies In Gtelogi' Np. S, 

lj6 pp., ij pli, lpB4. 
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Brazilian documenl in ivhich I can find any mention of them 
was Gorceii’s paper, published in 1884. 

Three localities are mentioned on the labels; they arc 
Mocambo, Marahu and Fonseca. The first two are in the 
State of Bahia and the third is in the State of Minas Gcraes. 

The material from Alocambo (Nos. 1442—144^) rtiade by 
Crandall in 1907 has a matrix which is a banded yellowish and 
pinkish, soft, soapy clay uncot^cred in grading the right of way 
for the Bahia a Sao Francisco Railway in the 1870’s and is 
identical with the collection preserved at the Rensselear 
Polytechnic Institute to which it was presented by the late 
Miguel de T. Argollo of Bahia in 1871, with the collection 
made by G. A. Waring in 1903 and by Branner and Crandall 
in 1907 and now at the N. Y. Botanical Garden, and probably 
with the collection made by Eugen Hussak which was sent 
to Ettingshausen atGratz (before 1897) ' and with the one sent 
by Orville A. Derby to the Museum d’Hlstoire ■STaturcUe at 
Paris and commented on by Bonnet ® in 190S- 

It is thus certain that Mocambo is the same or a nearby 
locality as what Krasser called Ouiicanga and what Hollick, 
and Berry called Aramary—the latter being the nearest town 
—the actual outcrop being 14-7 km. north of Aramary station 
and In a practically uninhabited region. 

The plants from Mocambo contained in the present collec¬ 
tion arc the following: 

1442. Candla tvinterianafolia Hollick and Berry 

1443. Rhffdia pliocfnica Hollick and Berry 

1444. CoufQiipiia ovaia Hollick and Berry 

1445. CeKtoIobis pr^ueijtrra, new 

1446. Ltpiolobiitvi Hollick and Berry 

As may be noted the plant species confirm the lithology since 4 
of the 5 are forms which were described from Aramary. 

The other locality in Bahia—Marahu'—is what was called 

^ KjaEd^Fp F. Kon^unten von Sluili«n fiber die loteilt Flora von 

Ouncan^ in Bmilknr K ak»d \Vm wicn nuchn^L K, Siu, Bd, lli*. 851-^60,19^- 
* Bonnet, FI Cnntnbutlon a U (lore pliocene de la provinn; dc B&hisi (Brciil)^ 
Muft. d'Hiat. Nat. BulL t. [J, pp. 510-513, 1905. 
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by HolHck and Berry, Marahii. TKe present collection con¬ 
sists of but S specimens and shows two lithologies. The 
specimens 1459 and 1460 are grayish to brownish in color and 
so light in weight that I eiamined them for diatoms without 
success. Under the impressiori that the material might be a 
volcanic ash 1 sent a sample to C. P. Ross who was good 
enough to examine it for me. He reports as follows; 

“It is composed of an isotropic clay material containing a large 
proportion of carbonaceous material, Inclosing a small proportion 
of deirital quartz grains. The index of refraction of the clay and 
the isotropic character indicate that it is hajloysite,’' 

The other three specimens from this locality (Nos. 1557- 
1559) heavier and a hard grayish brown laminated clay, 
with la mi nsE upwards of inch thick, separated by films with 
leaf impressions, plant fragments, and angular quartz sand 
grains. 

The identifications from Marahu are the following: 

1459. ^imaruba wkitei Holllck and Berry 

1460. Calyptranthes marakunsU Hollick and Berry 

1557. Heiiconia hahiatia., new 

1558. Myrcia rostratafotmis Hollick and Berry 

1559. Caiyptranthes marakiensis Hollick and Berry 

and Cassia marakiana Hollick and Berry, which was 

worked out of specimen 1460. 

Except for the new Ileliconia, all are previously known forms 
from the Bahia Pliocene. 

The third locality is Fonseca in the southeastern part of the 
State of Minas Geraes. This is in the district of Ouro Preto 
and is about 31 km. east of north of the town of that name at 
the base of the Serra do Caraca (Lat. circa 20" South, Longi¬ 
tude circa 43’* 30' west). Plant bearing Tertiary deposits 
have been known from here for a long time and from a second 
locality known as Gandarela northwest of Fonseca. These 
MTcre described by Gorceix' in 1834. Ail of the plants sub- 

‘ Gomix, H. Bxcias (EiciariM d'agui itoe* ntw ArKdora dc Ptetp (Giada- 
»]a e FoDKca). Annxe* d* Eacola de Alinai, No, J, pp. 9S-H4, ^ Janicrti, 18S4, 
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mitted to mo a« from Fonseca, 

other locality beyond the statement of Gorceia that 

macea^ are rare and that there arc numerous Legummosae, 
Lauraceae, Rubiacc®, Sapindacca. and Ficus, 
evident from the material that 1 have seen from Fonseca that 
It Is nothing more than a sample and that intensive collecting 
would disclose a large and well preserved Soi^a. ^ 

The matrix of the Fonseca plants is a dark gray, hard 
laminated clay sometimes weathered to a light brown, wi 
films of light and rather coarse sand ;rith quartz feldspar and 
mica. The sand partings contain much comminuted vege¬ 
table matter which is also disseminated m the clay, and leal 

*™^The'™inerals of the sand partings obviously 
flood water sediment from areas of granitic rock. W hether 
this was carried into a lake basin or spread over a nver 
flood-plain I have no means of knowing. The deposits are 
spoken of by Gorccis and referred to by Branner and others 
as “Lake deposits.” I understand that some layers are 
lignitic and attempts have been made to utilize them com- 
merclallv, especially in the Gandarela Basin. 

Gorceis's graphic section of the Fonseca outcrop is repr^ 
duced herewith (Text Fig. i). W^hethcr this is drawn to scale 

F«mi|finQti5 ceimenwd 
rubble 

FoMsIilErtJUl 5^aiid>' abalc 
s^pdi and dtyj 



Ligaiiic ^hale 

Wciihercd franUc 

wlih pegmatite 

Fic. 1. Graphic Kiii™ of phnt b«rins oaitcrep at Fonswa 

CDit:cLl)+ 

1 do not know, but that it is approximately to scale is indi¬ 
cated by his giving the thickness of stratum 2 as 3 meters^and 
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stratum 3 as 22 meters. The fossil plants are supposed to 
have come from stratum 2. 

The following species are represented: 

Jrrabidea sp, 

Banisi^ria obiongifaliat new 
Cssalpinia echinataformis, new 
Cassia fonsecana, new 
Cassia ohtusaiajoiiai new 
Ctdreia cantpbeli^ new 
Cambret^sm fonsecanensis, new 
Erythrochiton bahitnse Holllck & Berry 
Homalantkus prenutans, new 
Jacaranda Urttaria, new 
Labatia jonstcanaf new 
MyTsitu bfazilianaf new 
SaptJidus presaponaria Holllck & Berry 
Sapindus sp. 

Siparttna puguayensii^ new 
Tertninaiia maxima^ new 
TriptoUmma tertiaria, new 

Of these 17 species 2 are common to the Pliocene of Bahia 
and the balance are new to science. Gorceix speaks (op. cit.) 
of the foliage of Mimosacese and of Melastomaceae as being 
especially common at Fonseca. In the material that I have 
seen neither of these families is represented. 

If the reader is sufficiently interested to read the discussion 
of geographic and geologic distribution given under the 
Bystentiatlc discussion of species, he will see that wdth the 
exception of the fossil form referred to the euphorblaceous 
genus Homalantkus, all are very similar and presumably 
related to still existing species in the Brazilian region. 

Homalantkus in the modern flora has about a dozen species 
found in Ceylon, through the Malayan region to the Philip¬ 
pines and Australia and on the larger of the Pacific islands. It 
is unknown in South America nor is it otherwise certainly 
known in the fossil state. With respect to its occurrence 
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as a fossil in the later Tertiary of Minas Geraes there seems to 
me to be but three possibilities: (t) that the fossil i& wrongly 
identified, to be correlated with the view of many botanists 
that all leaves are incapable of identification f (a) that it 
represents an extinct genus related to JIomalanthus, Sapitim, 
Stillingia and perhaps other existing genera of the family 
Euphorbiaceaej (3) that ffomalanihus was present m South 
America as late as the closing days of the Tertiary, or indeed 
may be found in future exploration in what is after all an 
imperfectly known region botanically, to be still existing in 
this region. 

Whatever the true answer to this problem it seems to me 
that the striking resemblance of all of the fossil plants thus far 
known from Fonseca to Recent species and 16 of the 17 identi¬ 
fied forms to still existing species of the same region may be 
considered to indicate that the fossil assemblage is not very 
ancient. From the presence among the Fonseca plants of two 
species—the £rythfockiion and Sapindur —-which are common 
to the Bahia flora and in turn the probability of the Bahia flora 
having been Pliocene in age, 1 am disposed to regard the 
Fonseca flora as of approximately the same age, namely, 
Pliocene. 

It should not be lost sight of that the Fonseca flora might 
even be Pleistocene and correspond in age to the cave faunas 
of Brazil described by Lund who considered them to be 
Pleistocene. On the other hand these faunas arc probably not 
synchronous with one another, nor is it certain that Pliocene 
and Pleistocene faunas can be sharply differentiated; 1 
certainly do not feel that this has been done successfully at 
certain classic mammalian localities such as Tarija and Ulloma 
in Bolivia or Catamarca in the Argentine not to mention the 
difficulties of correlation of the Patagonian mammalian 
horizons. 

The presence of the genus Homalanthus at Fonseca, if this 
is admitted, would seem to me to indicate a Pliocene age. 

In regard to ecological considerations which may be de¬ 
duced from the plants described from Fonseca, the smallness 
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of the number known would render abortive any attempt at 
precision, so that the amount of material does not merit the 
labor of making the attempt. At the present time in Minas 
Geracs there are great variations in climatic elements and 
consequently in the plant cover according to altitude and 
situation, Le. exposure, slope, valley floor, etc. It is quite 
possible that the fossil plants thus far identified do not come 
from a single ecological assemblage. There are some reasons 
for thinking that this is so but I do not see how this could be 
verified without studying extensive collections. All the fossil 
forms are obviously tropical and the majority are wet tropical. 
There is a conspicuous number of genera which are represented 
in modern floras in coastal situations such as beaches (Corco- 
Icbif, Sapindus, Terminalia) or mangrove associates (Cowt- 
brftuiHf Labatia) but in all these cases the genera have many 
other species not distinctly coastal so that I do not believe that 
this is of any significance in the present connection. 

Large genera, like Cassia, occupy all kinds of situations and 
are of no significance. The Jocaranda is most like existing 
Campos Species and Jrrobidaa may occur in wet or dry situa¬ 
tions, but so may the majority of the genera mentioned. 

What this amounts to is what I have already stated, /.f. 
the evidence is insufficient for any reliable conclusions, other 
than it indicates a tropical assemblage. 

Monocotyledonse 

Scitaminales 

Musacese 

Ihliconia bakiana 
Dicotyledonse 
Polygonales 
Polygonacese 

Coccolobis pumijirra 
Rosales 

Caesalpiniaceae 

Cassia fonsecana 
Cassia ohtusatafoiia 
Casalpinia eckinaiajormis 
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Papilionacea 

TriptoUm^a t^rtiaria 
Geramaks 
Rutacese 

Erytkrochuon bakUnje H. S: B. 
Mellace^ 

Cfdrela campbdi 
Malpighi acese 

Banisteria obiongifolia 
Eiiphorbiales 
Eu p horb iaces^ 

Homalanikus prniutans 
Sapindales 
Sapindacese 

S^pindus pr^s^ponaria H. & B. 

Sapindus sp. 

Lauraka 

Monimiaceae 

Siparuna puguayfnsis 
Myrtaks 

Combrctacese 

Combrfttittt fonsfcan^nsis 
T^rminalia m^ixirna 
Primu laics 

Myrsinacese 

Myninf bra^ilian^ 

Ebenaks 

Sapotaceac 

Labatia fonSfcana 
Personaks 

Bignomacese 

Jncaranda Mtaria 
drrabidiza sp. 
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MONOCOTYLEDONS 
Order SCITAMINALES 
. Family Musace^ 

Genus Helicoxia Linne 
llelicanta bahiana Berry, n. sp. 

Plate I, Fig. + 

Leaves relatively small, roughly elliptical in outline, less 
elongate than the leaves of most existing species. Apex 
rounded or bluntly pointed. Slightly narrowed to the 
rounded base. Margins entire. Texture sub coriaceous. 
Length about i6 centimeters. Maximum width about 8 
centimeters. Petiole stout, only the distal moiety preserved. 
Midvein large and very prominent on the lower side of the leaf. 
Secondaries numerous, thin, regularly spaced, diverging from 
the midvein at intervals of 5 millimeters or less at angles 
approaching 90 degrees, and pursuing practically straight 
courses to the margins. Tertiaries thin, numerous, their 
general courses paralleling the secondaries, but not quite so 
regular as the artist has made them to appear in the illustra¬ 
tion, connected by cross vein lets. 

Represented in the collections by the type and its counter¬ 
part and a second specimen. The matrix has been slightly 
deformed. I have compared the material with all of the 
South .American Guttlferae and conclude that It does not 
represent that family but is a species of the genus Hflicanin — 
the American wild banana. HeUconta contains about two 
score existing species in the region between the West Indies 
and Braxil and is especially common in the rain forests of Cen¬ 
tral America and in the Montana zone of the .Andes as far south 
as Bolivia, and is also rather generally distributed throughout 
the Amazon Basin. The only similar fossil form is a Pliocene 
species from Bolivia.’^ 

Occurrence: Marahu, State of Bahia. 

Collector: E. Bourdot. 

I Uciry^ Edratd W. Johlit HopkitL! Univefjlty in Geology Xo. 4p p. 

pi. J. fig- >i If- 
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DICOnTEDONjE 
Order POLYGONALES 
Family Polyconaceje 
Genus CoccoLOBis P. Browne 
Coccchbts prevviffra Berrjr, n. sp. 

Plate IV, Fig. I 

This striking form Is unfortunately represented by the 
single incomplete specimen figured and its counterpart showing 
a somewhat greater area of the leaf. The material is insuffi¬ 
cient for framing a proper diagnosis, but since it is an entirely 
new type from the area and seems certainly identifiable, It has 
been named from its similarity in the leaves to the existing 
Coccolobis npif^ra Jacquin, which is found on tidal shores of 
equatorial America from peninsular Florida to Brazil. 

Leaves orbicular or elliptical, coarse and coriaceous, with 
stout prominent midveiu and secondaries. The fragments 
indicate a length of about 12 centimeters and a mazimurn 
width of about 8 centimeters. The secondaries diverge from 
the midvein at wide angles and sweep upward in regular 
curves, ultimately becoming parallel with the margins and 
camptodrome. The tertiary mesh is coarse and well marked 
including transverse veinlets, usually anastomosing in the 
midregion or connected near the mid vein by veins subparallel 
with the secondaries. The ultimate veinlets are also well 
marked and coarse and the areolation is subquadrangular. 

The genus goes back to the beginning of the Tertiary, 
perhaps to the Upper Cretaceous and contains about 125 
existing species in the region between southern Florida and 
Brazil. 

Occurrence: Mocambo, State of Bahia. 

Collector: Roderic Crandall. 
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Order ROSALES 
Family CjESAtPiNiACEJE 
Genus Cassia Linne 
Cassia Jonsecana Berry, n. sp. 

Plate I, Fig. I 

Leaflets small, ovate In outline, slightly inequilaterat, with 
an acuminate tip and a cuneate base. Margins entire. 
Texture subcoriaceous. Length about 4,15 centimeters. 
Maximum width about 1.5 centimeters. Pctiolule missing, if 
present In life short and very stout. Midvein stout, straight. 
Secondaries mediumly stout, regularly spaced, about S or 9 
camptodrome pairs diverge from the midvein at angles of 
about 60 degrees. Tertiaries Immersed. 

This sort of leaflet is of a type which is usually referred to 
the genus Cassia and Is so considered, although It Is recognized 
that certainty of identification is Impossible. The genus is an 
enormous one with a great variety of herbs, shrubs and trees, 
w'idely distributed in all temperate and tropical regions. The 
number of fossil species referred to Cassia is also very large and 
range in age from the Upper Cretaceous to the present. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: A. Mello CampbeL 

Cassia oblusaia/olia Berry, n. sp. 

Plate f. Fig, 5 

Leaflets small, sessile, elliptical, inequilateral, with a 
slightly emarginate and distinctly inequilateral apex and a 
broadly pointed less inequilateral base. Margins entire. 
Texture subcoriaceous considering the small size of the leaflets. 
Length about ii millimeters. Maximum width about 5 
millimeters. No trace of petlolule. Midvein relatively stout, 
prominent and straight. Secondaries about 5 or 6 pairs, 
rather straight to near the margins where they are abruptly 
camptodrome. Tertiaries well marked, merging in the 
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secondaries and forming mostly angular junctions, the m^h 
being elongated parallel with the course of the secondaries. 

Several detached leaflets of this species arc contained in the 
collection, and they are named from their very great similarity 
to the leaflets of the existing Cassia obtttsata Haytie of the 
Brazilian region. Cassia is a very large genus not only in the 
existing flora, but in Tertiary floras generally, and many forms 
could be mentioned which resembled the present fossil, and 
this is particularly true of the numerous leguminous leaflets in 
the Pliocene flora of Potosi, Bolivia. 

Occurrence: Fonseca, State of Alinas Oeraes. 

Collector: A- Mello Campbel. 

Genus C.^sALPiNiA Linnc 

Ctrsalpinia eckinatajormis Berry, n. sp. 

Plate 11 , Figs. I to 4 

Leaves fairly large, probably bipinnate. It has been im¬ 
possible to determine the habit conclusively. The best ma¬ 
terial (that photographed) show's the pinnate habit very well, 
but whether these are whole leaves or the pinn® of a larger 
bipinnate leaf is uncertain. The rather poor specimen shown 
by a drawing suggests that the complete leaf may have con¬ 
sisted of 4 or 5 such pinnae as the specimens photographed. 
Pinnae oblong, evenly pinnate, of numerous, rather closely 
spaced, opposite leaflets. Actual traces of 17 pairs are shown 
in the more complete specimen and it is estimated that the 
total number in this specimen ivas 20 or zi pairs. Leaflets 
practically sessile, somewhat variable in size, slightly smaller 
both proximad and distad, oblong-ovate in outline. Tips 
truncately rounded or slightly emarginate, and nearly equi¬ 
lateral . Base ma rltedly incq ui la tc ra! ly roun ded, widest on the 
distal side. In the larger specimens the base of the midvein 
expands into w’hat may be considered a petiolule, but it is not 
seen in most specimens and is never over a millimeter in 
length. The margins are entire, full and even, and the texture 
is markedly coriaceous. The attitude of the leaflets with 
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respect to the rachis varies from about +5 degrees distad to as 
much as 70 degrees proaimad. Mid veins stout and prominent, 
particularly on the under side of the leaflets. Viewed from the 
upper side the secondaries are nearly obsolete by imniersion in 
the leaf substance; they are more prominent on the lower side 
and are seen to be numerous, closely spaced and subparallel, 
diverging from the midvein at wide angles, and camptodrome 
in the marginal region. The tertiaries cannot be made out. 

On the whole this material may be said to be more satis- 
faciorj’ than is usual among fossil Leguminosae. Two living 
genera seem to be closest to the fossil. These are £itfrr- 
olobium, a small genus of tropical American trees, and Casal-^ 
pinia. The latter appear to me to show the most homologies, 
and the present species is named from its resemblance to the 
recent C^salpinia ecMnata Lamarck, a tree of the present 
Brazilian region. The only difference between the two Is the 
somewhat fewer number of leaflets per pinna in the recent 
form. 

It cannot be denied that in this large alliance resemblances 
could be pointed out to many and unrelated genera, as for 
eitample the North Temperate genus GWiVjio, but such a 
comparison In a tropical assemblage of late Tertiary fossils 
from Brazil, needs but to be mentioned to indicate its 
absurdity. 

The genus Ciesalpinis comprises upwards of 5® existing 
species of trees or climbing shrubs, and is widely distributed in 
the tropics of both hemispheres. Fossil forms are known as 
early as the Upper Cretaceous of North America and by 
Eocene lime the genus had reached Europe. The Tertiary 
paleobotanical history of the Asiatic and American tropics is so 
little known that no general statement is possible at the 
present time. 

Occurrence! Fonseca, state of Minas Geraes. 

Collector; .A. Mello Campbel. 
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Family Papiliosace-tE 
Genus TriPTOLEMY Martlus 
Triptolemea tetiiaria Berry, n. sp. 

Plate IV, Fig. 2 

There is no doubt but that this form represents a leaflet 
of some one of the alliances of the Lcguminosje, and after a 
thorough canvas of the genera which contain somewhat similar 
leaflets it appears to represent TriptoUmaa, It may be 
described as follows: 

Leaflets elliptical-ovate, slightly inequilateral, with a 
rounded base and a narrowed but rather obtusely pointed tip. 
Margins entire. Texture extraordinarily coriaceous. Length 
about 5 centimeters. Maximum width about 2.6 centimeters. 
No petiolule is presented, and the leaflets may well have been 
sessile. Midvein stout, prominent on the under side of the 
leaflet, slightly curved d Is tad. Secondaries largely immersed 
in the leaf substance, numerous, diverging from the mid vein at 
angles of about 45 degrees, curved ascending, camptodrome. 
Tertiaries indistinct. 

The genus TriptoUmisa of Martius is frequently made a 
section of Dalbifrgia, as by Taubert in Engler Sl Prantl, and 
there is no doubt that a close relationship exists between the 
two. It contains about 25 existing species, two thirds of 
which are old world. No fossil species have heretofore been 
recognized, but Dalhngia-WV.^ leaflets and fruits definitely go 
back to the dawn of the Tertiary and probably to the mid- 
Cretaceous. 

The present fossil form is most like the leaflets of the exist¬ 
ing Brazilian species TriptoUmaa glabra Bentham, and this 
resemblance is remarkably close. Other similar Brazilian 
species are T, montana Martius and T, lati/olia Bentham. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: A. Mello CampbeU 
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Order GERAKIALES 
Family MEUACEyE 
Genu$ Ceorela Linne 
Cedrtla campbfli Berry, n. sp. 

Plate V, Fig. 1 

Leaflets large, inequilateral, elongate ovate, with an acute 
tip and a rounded base. Margins entire. Texture coriace¬ 
ous. Length about lo centimeters. Maximum width about 
3.75 centimeters. Petloiule stout, about a centimeter in 
length. Midvein stout, prominent, slightly curved. Second¬ 
aries largely Immersed, about 8 pairs, somewhat unequally 
spaced, diverging from the midvein at angles of more than 45 
degrees, camptodrome. Tertiaries obsolete. Species named 
for the collector. 

This leaflet is almost identical with those of the existing 
Antillean species Cedffio. odofai^ Linne, The genus goes back 
to the dai™ of the Tertiary and contains about a dozen exist¬ 
ing species confined to tropical .America. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: A. Mcllo Campbel- 

FAAilLY MALPlGHlACEiE 

Genus Basisteuia Linne 
Baniiteria ohlon^ifolia Berry, n. sp. 

Plate IV, Figs. 3, 4 

Leaves oblong in general form, widest medianly and about 
equally tapering to the acute apex and base. Margins entire. 
Texture coriaceous. Length between ii and 12 centimeters. 
Maximum width about 4-^ centimeters. Petiole missing. 
Midvein stout, prominent, curved. Secondaries stout, promi¬ 
nent, numerous, uniformly curved, irregularly spaced; diverge 
ing from the midvein at angles usually greater than 45 degrees, 
ascending and camptodrome in the marginal region. Ter- 
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tiaries thin, comprising subsecondaries and transverse velnlets 
forming an open more or less quadrangular mesh. Ultitnate 
areolation obscure. 

The fossil resembles the leaves of scv'eral e.xisting species of 
the genus, which has its lieadquarters in the welter Brazilian 
region. The modern species number about 8o, mostly climb- 
ing shrubs and confined to the .American tropics. Banistirta 
occurs as fossils as early as the lower Eocene. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: A. Meilo Campbel. 

Faaiilv Rutaceje 

Genus Ertthrochitox Nces & Martins 

Erytkrockiion bahunse Hollick & Berry 
Erythrochiton bakiensg Hollick & Berry, Johns Hopkins 

E-niversity Studies in Geology, No. 5, p. 70, pi. 5, fig. 4, 
1924. 

This species was based upon incomplete material from the 
Pliocene of Bahia. It was described as follows: 

"Eeaves of large size, obovate-lanceolate in general outline, 
Widest above the middle, pointed at both ends, gradually narrowed 
prosimad. Margins entire, evenly rounded. Yexture coriaceous. 
Length about 17 centimeters. Majumum width about 6.5 centi¬ 
meters. Petiole missing. Mid vein stout and prominent. Secon¬ 
daries stout and promiucnt, evenly spaced, subparallel, and campto- 
drome: diverging from the mid vein at wide angles and regularly 
curved upward. Tertiaries obsolete,” 

A single specimen from Fonseca is more complete than the 
type but is lacking in information regarding certain features. 

The genus is limited in size and comprises small trees 
which range from Central America to southern Brazil. The 
fossil appears to be most like the existing Erytkrochiton 
brasiltensf Nees & Marti us a forest form ranging from the 
southern states of Brazil northwestward to eastern Bolivia 
and Peru. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: . 4 . Mello Campbel. 
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Order EUPHORBIALES 
Family Euphorbiace/E 
Genus Homalasthus Jussieu 
Homaletntkvs pr^ntitans Berry, n. sp. 

Plate V, Fig. 6 

Leaves average to small in size for the genus, deltoid to 
cordate in outline, widest near the base, tapering upward to 
the acute tip. Margins entire, not evenly full and curved. 
Texture of considerable consistency, but not coriaceous. 
Length about 5 centimeters. Maximutn width about 4.3 
centimeters. Petiole stout, Its length unknown. It is pre- 
served for a length of about a centimeter but is obviously 
broken. The existing species have long petioles. Midvein 
mediumly stout and prominent. Secondaries mediumly 
stout, about 5 regularly spaced and mostly alternate pairs; 
they diverge from the mid vein at angles of 45 degrees or ntore, 
and arc curved and camptodrome. 

The lower pair and sometimes the second pair give off on 
their outer side several swecpingly curved, camptodrome 
branches. The tertiaries are thin, percurrent over short 
distances, but mostly inosculating in the mid-region between 
adjacent secondaries. Areolatlon mostly indistinct, sub¬ 
quadra ngular. 

This form shows some rather remote similarities to certain 
existing species of Supiu'itt and StilitTigiit, but finds its closest 
affinity with various species of Ilomalanthus as for example, 
JIo7nalantkiiS populnfus (Gelsl.) Pax of the Philippines, 
liomalantkiis popalifoliuj of the Australian region and 
Homalanthiij nutans (Forst.) Pax of the Pacific Islands- The 
last is extremely like the fossil in every respect and has sug¬ 
gested its name. Selected specimens in the other two species 
mentioned are also scarcely distinguishable from the fossil. 
Other species, as Homalanthus Jastuosus F. Vill. of the Philip¬ 
pines, have leaves which often match the fossil in every respect 
except that they are perfoliate. 
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The genus contains about a dozen existing species of shrubs 
or trees, It is no longer found in South America but occurs on 
the larger Pacific Islands, in Ceylon, and from the Malayan 
islands through the East Indies to Australia. The only other 
fossil record is a not verj' convincing one by Ettingshausen ‘ 
from the Miocene of Bohemia. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: A. Mello Campbel. 

Order SAPINDALES 
Family Sapindaceje 
Genus Sapinoace,^ 

Sapindus pusaponaria Hollick & Berry 
Sapindus pr/sapotiaria HoUicb Si Berrj', Johns Hopkins 
Studies in Geology, No. 5, p. 8z, pi, 8, figs. 6, 7, 1924. 

. 4 n incomplete leaflet agrees with this species which was 
described originally from Aramary, Bahia. The present 
material adds nothing to our knowledge. 

Occurrence: Fonseca, State of Minas Gcraes. 

Collector: A, Mello Campbel. 

Sapindus sp. 

A single incomplete specimen of what appears to be a 
leaflet of this genus indicates a relatively small and narrow 
form, ovate in outline, much more narrowed distad and 
acuminate than the preceding. Length between 7 and 8 
centimeters. Maximum width about 2.2 centimeters. It is 
somewhat inequilateral, with a narrow midvein, ascending 
camptodrornc secondaries and subcoriaceous texture. Too 
incomplete to be of any importance other than indicating an 
additional type in this interesting flora. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: A. Mello Campbel. 

‘ C. wn. Fow. F 5 . v. Bilin, Th. 3, p. 44, pt, 30, fig, 17, 1S69, 


583 


TERTIARY PLANTS FROM BRAZIL 

Order LAURALBS 
Family Moximiaceje 
Genu9 SiPAKt/XA Aublet 
Siparuna preguAyensis Berry, n. sp. 

Plate V, Fig. s 

Leaves oblongs vatc, a picul ate. Margins entire. Leaf 
substance thin and apparently stiff* Length about S centi¬ 
meters. Masimntn width about 3 centimeters* Petiole 
missing. Mid vein mediumly stout and not especially promi¬ 
nent. Secondaries thin, about 9 pairs, diverging from the 
mid vein at angles of 45 degrees or more, sub parallel, campto- 
drome. Tertiaries indistinct. 

The single specimen upon which this species is based, was 
evidently in the water for some time before it was covered by 
sediment as it is largely riddled by the attacks of what were 
probably aquatic insect larvae. It is intimately associated 
with Jacaranda Urtiaria and Cassia obtusatafoHa, It is 
practically identical in alt of its features with the leaves of the 
existing Siparuna guayttisis .Aublet, which similarity has 
suggested the specific name. 

Siparuna, with numerous existing species, is confined to the 
American tropics. It has hardly been recognized in the fossil 
state, largely I believe because of the unfamiliarity of paleo- 
botanists with the foliage of the Monimiaceae* 

Occurrence; Fonseca, State of Minas Geraes. 

Collector: A, Mcllo CampbeL 

Order MYBTALES 
Family Combketace/'e 
Genus Comb bet um Linne 
Combretum fonsecamnsis Berry, n. sp. 

Plate V, Fig, 7 

This species is based upon a single specimen with missing 
tip (No. *55*) and its counterpart (No. 1546). These indicate 
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a medium sized leafj rather smaller than the average in this 
genus* It is elliptical or elHpticaHanceolaie in outline, with a 
semicircular and somewhat inequilateral base and a missing 
lip which mav have been either rounded or pointed- Margins 
entire. Texture coriaceous. Length (estiinaied) about lo 
centimeters. Maximum width 5 centimeters* Petiole stout, 
expanded, about 8 millimeters in length. Midvein stout, 
prominent, curved. Secondaries numerous, stout, somewhat 
irregularly spaced, diverging from the midvein at wide 
angles, about 60 degrees, camptodrome. Tertiaries immersed* 

There are a number of existing species in South America 
rather similar to the present fossil. The genus contains about 
i 30 existing shrubs and trees, many of coastal habitats. They 
are found in all tropical countries except Australia and Poly¬ 
nesia, and about ^ are endemic In South America. Fossil 
species are knowm from the lower Eocene onward, and the 
genus appears to have been of American origin at the dawn of 
the Tertlar3^ A fossil form is known from the lower Miocene 
of Chile, but the paleobotanical history of South America 
during the Upper Cretaceous and Tertiary is so little knowm, 
that it wdll be a long time before any detaih of this history can 
become known- 

Occurrence Fonseca, State of Minas Geraes. 

Collector: A. Mello Campbel* 

Genus Termucalta Linne 

T^rmin&lia maxima Berrj% n- sp* 

Plate III 

Leaf of a very large size, oval or slightly obovate in general 
outline, with a bluntly pointed tip and a broadly cuneate base- 
Margins entire. Texture relatively thin for so large a leaf. 
Length about 28 centimeters. Maximum width about 13 
centimeters. The leaf is somewhat inequilateral, to what an 
extent it is impossible to determine since the marginal region is 
gone on one side* Petiole not presented. Mid vein stout and 
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prominent throughout its length, but not relatively stout 
considering the size of the leaf. Secondaries fairly regularly 
spaced, stout and prominent; they diverge from the midvein 
at wide angles, in the neighborhood of 65 degrees, are rather 
evenly curved and ultimately camptodrome, some of the 
lower ones give off one or more distal, outside, camptodrome 
branches. The internal tertiaries are simple and percurrent 
in rare instances where the distal portions of the secondaries 
approach closely; generally they are somewhat curved, their 
courses approximately at right angles to the secondaries and 
extend half of the distance between the secondaries, the ends 
being connected by angular zig-zag nervilles; or they may 
extend all the way across the space between adjacent second¬ 
aries with numerous, more or less straight cross nervilles 
between adjacent tertiaries; or the one type may grade into the 
other. Ultimate areolation indistinct. 

This species is based upon the single incomplete specimen 
figured and a very poor counterpart. 

The genus contains over too existing species of trees, found 
in all tropical countries and extending into some subtropical 
regions. The most similar existing species Is T^rminalia 
catappa, the so-called almond, common In coastal tropical 
regions. Fossil species, represented by both leaves and fruits, 
are present from the lower Eocene onward, especially In the 
early Tertiarj'' of the southeastern United States and along 
the expanded Tertiary seas of southern Europe. Species 
comparable with the present fossil form occur in the middle 
Eocene of the southern United States and in the Oligocene of 
northern Italy. Fossil species are known from the late Mio¬ 
cene of northern South America and the characteristic winged 
fruits occur in the Pliocene of Bolivia. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: .A. Mello Campbel. 
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Order PRIMULALES 
Family Myr.s[nace*« 

Genus Myrsixe Liitne 
Myrsine brauliana Berry, n. sp, 

Plate IV, Fig. 5 

Leaves lanceolate, not entirely equilateral, with acumirtate 
lip and acute base. Margins entire. Texture coriaceous. 
Length about 10 centimeters. Maximum width, about mid¬ 
way between the apex and the base, about 2.7 centimeters. 
Petiole missing, although there is some indication that it was 
long and stout. Midvein stout and prominent on the lower 
surface of the leaf, it is slightly curved in the type. Second¬ 
aries numerous and thin, diverging from the mid vein at wide 
angles, camptodrome, the last feature obscured by tertiaiy' 
branches in the marginal region. Tertiaries indistinct. 

The venation is that characteristic of Afyrsin^ and the size 
and form are. that of several existing tropical American species 
of this genus, e.g. Alyrsine ferruginea Sprengel and Myrsini 
inyriccides Schlechtendal. Fossil species are not uncommon 
from the Upper Cretaceous to the present and the existing 
species are also numerous and occur, as shrubs or trees, in all 
tropical regions. Krasser enumerated two fossil species from 
Bahia in the Hussak collection studied by Ettingshausen: 
MyTsitie crenul^la and M. excacarioidei^ both of which are 
fiominantida. Hollic kandBerrydescribedasmallobovatcor 
spatulate form from the Pliocene of Bahia as Myrsine cf/i- 
atafolia. 

Occurrence; Fonseca, State of Minas Geraes. 

Collector: A. Mello Campbel. 
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Order EBENALES 
Family Sapotace/e 
Genus Lab ATI A Swartz 
Labatia fonifcana Berrj^j n. sp. 

Plate I, Figs. 2, 3 

Leaves of small size, lanceolate to oblong-lanceolate in 
outline, acuminate at both ends. Margins entire. Teiture 
coriaceous. Length ranging from 5 centimeters. 

Alaximum width ranging front I to 2 centimeters. Petiole 
short and stout, S to 6 millimeters in length. Midvein stout 
and prominent. Secondaries numerous, mediumly stout, 
diverging from the midvein at angles of more than 50 degrees, 
camptodrome. Tertla ties obsolete. 

This species is represented by 3 incomplete specimens. It 
appears to be related to the lanceolate species of Pouuna and 
Labatia, particularly Pouteria saiicijehay Labatia fragrans 
(Dub.) Hasslcr, and one or two other existing species of 
Labatia. 

The genus Labatia has upward of lO existing species of trees 
in the American tropics. A somewhat doubtful fossil species 
was described many years ago from the lower Miocene of 
Germany and there are two similar fossil lower Miocene species 
in Rio Negro Territory, Argentina, described in the form genus 
Pouterlabatia. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: Mello Campbel. 

Order PERSONALES 
Family Bigmomacea: 

Genus Jacaranda Jussieu 
Jacatanda ttriiarta Berry 
Plate V, Figs. 3 to 5 

Jacatanda tertiatia Berry, Torreya, vol. 33 > P* 38, figs. 1—3 
1933. 
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Leaves odd-plnnatCj elongate, linear in outline, at least 7 
centimeters long and not over 2 centimeters wide, with a dis¬ 
tinctly but not prominently alate stipe and at least 14 pairs of 
leaflets. 

Leaflets small, opposite, diverging at wide angles, regularly 
spaced, somewhat rhomboidal in outline, widest toward the 
base, more nearly equilateral toward the tip, which is obtusely 
pointed. Base markedly Inequilateral, the prosimal side 
narrowly rounded and connected with the w'ing of the stipe, 
the distal side much wider and straighter. Texture subcori- 
aceous. Margins entire. No traces of pubescence. Length 
6 to 7 millimeters. Maximum width 2 to 3 millimeters. 
Midvein relatively stout and prominent, approximately 
straight. Secondaries numerous, diverging at wide angles, 
rather straight to the marginal region and rather abruptly 
camptodrorne. 

Fairly complete specimens of this Interesting species are 
available and there can be no doubt of its botanical identity. 
When it comes to comparisons with individual existing species 
of Jacaranda the relationships are not so clear. This is due to 
the rather close similarity of several of the small leafed pinnate 
forms, to considerable variations in the size of the leaves in 
existing species, and to some extent to variations in form of the 
leaflets, particularly as to the acuteness of the tips. 

Among the most simitar existing species are Jacaranda 
brasiliana Persoon—-a Campos undershrub, Jacaranda mimo- 
Strfolia D, Don of southern Brazil and northern .Argentina, and 
Jacaranda fiiicifoUa (Anderson) D. Don of the lower Orinoco 
and Guiana region. In some respects the last is the most 
similar, although there is little difference in the degree of 
resemblance of the three. Jacaranda jiticifolia is apt to be 
more acutely tipped, although not invariably so, is apt to be 
slightly larger, and invariably has fewer leaflets, at least in the 
material that I have seen. This last statement Is also true of 
Jacaranda brasiliana. In this feature Jacaranda ntimosccfolia 
is most like the fossil. 

The genus has about two score existing species, ranging in 
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size from undershrub and chapparal growth of the Brazilian 
Campos to large trees of less dry regions. The area of distri¬ 
bution extends from the Bahamas and Central America to 
northern Argentina and from the Maranon valley in Peru and 
the Montana zone of the central Andes to the Atlantic. It is 
unfortunate that the evidence of relationship to existing 
species is not more conclusive. The balance of the evidence is 
slightly in favor of Jacaranda mimoiafolia or filicifolia rather 
than the more typical Campos species, although there is 
nothing conclusive about these comparisons. 

But two other fossil species have been referred to Jaca- 
randa. These are Jacaraitda potosina Berry ^ from the 
Pliocene of Bolivia and Jacaranda borealis Ettingshausen ’ of 
the Oligocene (Sannosian) of the Tyrol, the latter based upon 
both leaflets and seeds. Neither of these can be considered to 
be entirely beyond doubt. It may be repeated that I regard 
Jacaranda tertiaria as botanically beyond suspicion. 

Occurrence; Fonseca, State of Minas Geraes. 

Collector: A. Mello Campbel. 

Genus Arrabid^a P. De Candolle 
Arrabidaa sp. 

Plate V, Fig. 8 

There is a single fragment of a leaflet (if the identification is 
correct) entirely too incomplete for a proper description, 
which almost certainly represents a species of Arrabidtca. It 
indicates an ovate leaf of a length of about 8 centimeters and 
a maximum width of 4.25 centimeters, with entire margin, 
thin texture, slender but prominent midvein and thin, ascend¬ 
ing, camptodrorne secondaries. 

Except for its somewhat smaller size it is much like a 
species ’ described from the lower Miocene of Chubut Terri- 

>Bcny, Edward. W. U- S. Nad. MuMum Pret., vol. 4, p. i6<^ pL iS, fig. 14,1917. 

• EttingsliatiMD, C von. Tcfltlrfloia van Hltring, p. 59^ pi. lO^ figt. 12 - 30 , 1855. 

* Berry, Edward W. Johat HopLiru Univenity Studies in Geology No. 6^ p. jjy, 
pi. B, fig. 2, 192s. 
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tory, Argentina, and is like the existing JrfabUaa caUocalyx 
B. & S. and Arrabidsa triplinervia var gfnuina of southern 
Brazil. 

The genus consists of about 50 existing species of climbing 
shrubs with 2 or 3 foliate leaves, which are confined to South 
America and to a large extent to middle and southern Brazil. 

Occurrence: Fonseca, State of Minas Geraes. 

Collector: A. Mello CampbeK 
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Vh;- U Cnjfia fmrsfratiti Bcrrj t n-sp- . . ,. .. -FdiiicCat Gifrart. 

Piqa. i, Liilfati4 BerT\\ nJipr, - ... FonsttiiH ^[ilias Gcnic*. 

Fic. 4. ndkonifi l^tlhiatia Ucrr\% u. ip.. . .. .Mar^hUp B^lHa. 
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Ffc^ 4* Possible restoration of preccdiiis, much redutMiij, 
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T/rvtineliti waxtma Btrfj't n.ip.p i/j imt* stie . ...FapBeca, VIIum Genet. 
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Pi„.\TK IV 



Fic- tf Co£iii!t6ij prrtiTiffrii Berry^ r. ...Moc^mbOp Bihii. 

Fic. 1. Tript^siftKaa Urtiana Berrj', lup-, ...Fonseca, Minaft Gcrat*. 

Fics, 3 p +. Baxinfrui Ecn:>% n.^p,....... . FoqscCAp Mma* Geiraei, 

Fjc. ^fyFi{n£ Ecrr^'j DirUp...^^. tonsecA, XlittAJ Ger4e^ 
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l^LA VE V 



TlCr I- Cfdrrij ramphi^t Bcrr>\. n.sp. 

(’’iGr 2 -. ^iparuntl pfrgitayrnjij Bern’, n.sp. 

Fioh- 3, iirttarta Bern\ 

K(c. 5. hnlJrp^iinrj^i of preceding 10 show venfiiioii and oiEicr featiirci. 

Fic. 6. pftttMifittJ n.sp. 

Fig. 7. /oi]/frtJ#TfPwiV BtTfv., Hrip. 

Fig. .^rrahitlc^a Bp. * 

v\li fron^ Forii^ecs., Ij n3ft 1 kCmcr. 
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ty tsilt Jfril iS, Ipjj} 

HttscARiAN the language of the people, basically of 
Mongolian origin, who call themselves '‘Magyars” and who 
occupy the territory of the present curtailed Hungarian king* 
less monarchy as well as some of the regions taken from pre- 
urar Hungary and assigned to Czechoslovakia, Yugoslavia, 
and Rumania, Their language, the Magj^ar, belongs to the 
Finno-Ugric linguistic family which eiists not only in the 
Hungarian-speaking lands, but in Russia, Finland, Estonia, 
and the northern parts of Sweden and Norway. A sharp divi¬ 
sion is made between the Finnic and the Ugric idioms which 
are represented by the Magyar, the Vogul of the former 
Russian Departments of Perm and Tobolsk and the Ostiak 
group also in the former Russian Department of Tobolsk east 
of the Voguls. The \’'ogu!s number only some 5000 souls 
while the Ostiaks have a population of about 18,000. They 
are both usually classified as the Ob-Ugrians from the name 
of the River Ob. The other Finno-Ugric languages belong to 
the Finnic family which includes of course Finnish, Estonian, 
and Lappish, and differ considerably from the Ugric groups, 
both phonetically and grammatically. 

The present Magyar language with which this paper is ex¬ 
clusively concerned is usually divided into eight so-called 
dialects which, however, as they are all mutually intelligible, 
are rather to be designated as phonetic variants. They are 
as follows: (0 the Western; (2) Trans-Danube; (5) Alfold; 
(4) Danube-Theiss; (j) Northwestern; (6) Northeastern; (7) 
Trans-Komogsteich; and (8) the idiom of the Szeklers and 
that of the settlers in the Rumanian Bukovina. 

The Hungarian language, although rich in foreign material, 
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has not really changed its vocabuiary or grammar nearly as 
much as is the case with French, English, or even German, 
during the historical period, which in the case of Hungarian 
dates from the eleventh century when the first written records 
appear. Thus, from the year 1055 on, we find numerous 
Hungarian words of the period in Latin documents. The first 
connected text, however, is a funeral oration consisting of only 
300 words which dates from the first quarter of the thirteenth 
century. The list of more comprehensive material in manu¬ 
scripts and codexes of religious content begins with the 
Ehrenfeld-Codei from the first half of the fifteenth century 
but most of these date from the first decade of the sixteenth 
centur>'. These, how'ever, and also earlier similar documents 
are chiefly copies of still older codexes. The first book in 
Hungarian was not printed until 1333. 

There can be no doubt that the Hungarian language during 
the course of unknown centuries took much material from 
other linguistic stems and also that this borrowing began long 
before the occupation by the Magj'ars of present Hungary, 
which took place in a.d. 985-986. Thus there are unmistak¬ 
able traces of cultural contact between the early Magyars and 
various Iranian tribes which began most probably in the pre¬ 
historic period. Some of these Indogermanic roots are found 
in many other Finno-Ligric languages, as may be seen from the 
following examples. Thus we find Hung- pfa, water, and Finn- 
V£te-^ Chuvash, but, etc- = Indog. *ued~, seen in Germanic 
Kvr, teater (tpaj/rr), etc. (Phrygian Similarly the words 

in Finno-Ugric for honey ^nd ivine show very early borrow¬ 
ings from Indo-Germanic; thus Hung- m/s, honey, Finn, mtu- 
Lap. mitt = Indog, medha^ honey, wine; Sans. mSdh<t- honey- 
wine still known as metk^glin (*meth-) in Welsh = Eng. mead^ 
etc. C/, also the Finno-Ugric rvords for salt: Hung. rd(/), 
Finn, suoia, Mordvin sal = Lat. sd. Old SI. sol, etc. Further 
examples of such apparently prehistoric borrowing by practi¬ 
cally the entire Finno-Ugric group are succinctly but clearly 
discussed by J. Szinnyey (Finno-ugrische Sprachwlssenschaft, 
Leipzig, 1910, p. 2of). 
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The object of this paper i$ to deal specifically although 
necessarily briefly with the Slavonic loanwords in Hungarian 
proper. Therecanbelittledoubt,according to therecognized 
authorities on this subject that long before the Magyar occu¬ 
pation of Hungary, these people had come into contact, not 
only with a Finno-Ugric tribe in the Volga region from whom 
the Magyars learned many agricultural and domestic animal 
words, but also with primitive Slavs chiefly of the Russian 
variety from whom certain old Slavonic words were borrowed. 
It is clear, however, that the majority of Slavonic borroivings 
took place after the rise of the first Hungarian kingdom under 
Arp ad and that this material was taken from Old Church 
Slavonic, Russian, Serbo-Croatian, and Slovak sources. 
Furthermore, after the year a.d. iooo a considerable amount of 
German material was absorbed mostly from Frankish, Aus¬ 
trian, and Bavarian sources with which the Magyars came into 
contact. Of course, the Turks also contributed to the 
^lagyar vocabulary during the long period of their occupation 
of Hungarj' and last but not least, we have the influence of 
ecclesiastical Latin beginning after the conversion of the 
Hungarians to Christianity and continuing for centuries under 
the influence of the conversational Latin which soon became 
the cultural idiom of the country. In fact, within the writer’s 
own memory, older cultivated Hungarians were still able to 
converse in Latin. 

Hungarian has adopted very few Slavonic morphological 
endings. Perhaps the most noticeable of these is -nok(nok) 
denoting the agent as bajnok, warrior = SI. vojnik, soldier 
(but more probably derived from an old form bojnik). Most of 
the Slav words as used in Magyar to-day are mere phonetic 
variants based upon certain principles hereinafter tabulated. 
It should be noted that Magj'ar differs in this respect from 
Turkish which has thousands of Arabic and Persian loan¬ 
words, most of which have become Turkized in pronunciation 
with comparatively little drastic alteration of vowels or con¬ 
sonants. Such loanwords are perfectly recognizable in 
Turkish even to the ear, while many Magyar Slav ivords in 
common use are unrecognizable to a Slavonic ear. 
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As stated above, during the last millenium, the Magyars 
have been in contact with nearly all the Slavonic languages at 
the various stages of their development and if we would pre¬ 
pare a complete list of vowel changes, it would be necessary to 
trace the history of each borrowing to the definite Slavonic 
idiom and the definite period when It was made. This would 
involve many difficulties since for some languages as Slovak 
we have very scanty material dating from the first centuries of 
their contact with the Hungarians and w'e are faced also with 
the problems involved in the Church Slavonic idioms and in 
the folk dialects of many of the Slavonic groups. 

As an example of this we may remark that the indetermi¬ 
nate vowel is represented in Serbo-Croatian usually by a. In 
Russian it is represented by oor e, in Czech and Slovak by e, 
etc. Thus S-Cr, lav, lion, Russian lev, CS, lev, etc. The 
same situation prevails in regard to the quantity of the Sla¬ 
vonic vowels and also to the amount of palatalization in the 
different languages. Serbo-Croatian is much harder than 
Russian, not to speak of Polish, etc. 

All this does not interfere with the certainty of the borrow¬ 
ing and therefore we will endeavor to indicate some of the 
changes that we find with especial reference to the forms in 
Serbo-Croatian. 


V'OWEL Chan'ces 


M. 


M. 

SL 

d 


£SAp 





(EllppCTfc plug 







(tipper 


d 

0 

dpvtf 

Chr SI. G&Llik FqL 



Ahtak 

ohhh 



Window 




nbTAi 




provender 

portiocLt ihAK 

d 






ditch 


i 

a 





midwlic 

dd wqnuHp uudurife) 

A 

9 

oito 

&)tA 



A abcaiurc (Tt. w) 



A 

Un 

S-Cr* jfau, bui CS, tm 



Haj 



( 


SLAVONIC LOAN MATERIAL IN HUNGARIAN 595 


M 

SL 


SI 

f 

i 

tdnyrf 

isrfjir 



plate 


# 

a 

ilid 

ohif^rd 



dinner 


i 

V 

fjUfriff 

Jtffifgfi 



Lathe 

pUne 

i 

r 

itd/ifitd 

S-Cr- tritika R. klfaka 



tag* 


i 

a 

OfkjL 




TVdJE 


1 

u 


hukarutM but C 



rnairc 


0 

a 


£dl 



*iick; i/. M, iralking 5 tiek 

A 

i 


g£^flird 



cake, pie 


* 

u 


/ui^rd 



WPoden flask 


f 

M 


^dil 



UTindcrfuI 




ihi^nyAd 

hthinja hut R, ktiknja 



kitchen 



lupper 

Qr r ^Qnaduy 

helm 

o a cj^SrloJt 

TfaundAy 

0 »r Crui^tsk 

if i’ £ju$SfiMi 


U IfJld 

but Ch. SL R. kormU^ 

rudder 


CoN‘soNAXT Changes 


The consonantal changes arc less striking. 


ilsicd below: 


M 

SL 

M. 

SI. 

/ 

B 

prison 

fdJKRird 

R 

/ 

mould 


J- 

t 

Lfpdn 

gflVemOr 

£ti;!idR 

t 

C 

nhn/t 

German 

nrmac 

i 

f 

itj-ita 

clean 

iiti 

f/y 


poFtiiya 

iliug (wcapou} 

pfAcka 

fy 


irobsen 




^f&jtydn 

ivy 

brlijoK (but ilfio brftan) 


A few are 
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In addition to such vocalic and consonantal changes as those 
just indicated^ we observe after an examination of the follow¬ 
ing comparative glossary of two hundred twenty-five Magyar- 
Slav borrowings loanwords certain other important phonetic 
variations to which this class of words has been subjected. 
These phenomena may be noted in the following groups: 

I. Avoidance of Clusters 


hi 

OjTlai 


SL 

jtel 

'table 




peach 


blind 

hiU 

brother 

boFof^a 

briiwt 

razor 


lathe 

jimia 

pkne (tool) 



inoj 

pui, dungp mAttefp muure 


fl;uE'Coinb 

fr/Afii 

cuny-comb 



grthijf 

Ik-lx 



grfds 

beam 



litM 

wi^rpi 

Wins 

Kplkfi ciLr of edna 


flpikcp tufr 


Itrit (iri-ji) 

cfwa 

ktr£ly 


kraij 

king 

milj 

nai&m 


fn/i'e 

cnlop 


Jikp 

coluDin^ pilkr 

poriitya 


firaika 

ihmg 

JliTirtlfJTf 


jTfia 

happmeiiip luck (BaL 




flpamoiT (Rr vmhtj) 


Avoidance of clusters is common also in Finnish in such 
loanwords as rannalla from Sw'edish (p&) strandsn —on the 


wpolen 
b«r cellar 
cdwlct (but O- SI. 

Irclgbtckirk (from towir = gWcU) 
l^ddcri duke 
ba tp hah 


hty 

mouldy 

ttriw 

Wednewlay 

plum (but C 5L xfrtd] 
servant 


shore. 





II, Contra 

dofx 

balzt 

dAr^Ac 

pittrf 

cellar 

panuA 

pokrM 


pohOTAC 

tdmoJt 

treAfurcr 

iQVAfnik 

V^dA 


mjmda 

zdr 

lock (of gun) sflKjj- 


III. 

Metathesis (N' 

kuLri 


Jkljfti 

fmffi 

mould 

piffJAn 

STAima 


sfAma 

jurda 


StidA 

JtUvA 


Hjho 

ttaltA 


Akga 


f 
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TV, Nasals 

The nasalized SL words in M. throw light on the history of 
the nasals, because most of them represent the original nasal 
of Old Slavonic or of Polish, Few are probably analogical. 




etrut 

fadcp* riny (0* SL 

dongif 

iliVc 

duett 

how,. (0. SL 



gotub 

dove {0. SL 

gQrvmia 


grub 

rude^ 

kankaiy 

■ coirtc 

kukotj 

vetch 



piiak 

Fnday (Pol. 



SijaJtA 

kind of inipo 



ffrea 

luck^ £ood fortudje 



lubela 

Saturday (0. SL rhbetdi 



jutfd 

neighbor (0. SI. rhj^ Pol. 



V. Prosthesis 

arslal 



ublcr The form 


hii gojK bdck Into Croatian from the variint of 

fszSfrga 

hthe 


pliinc 

itfan 



provincial gonfenwr (lee above jub 




CDnsonaqlal diaogcf) 

ojdop 


Jtup 

plUjir^ colunu) 


This group is really included In Group I. 

It will be observed that the Slavonic forms used in this 
comparison are chiefly Serbo-Croatian from which language 
the modern Magyar SL material is chiefly taken, although 
many words have been borrowed from the old and modern 
Church Slavonic which is also South Slavonic. These words 
as well as the numerous German and Turkish loan-material 
have become so integral a part of Hungarian, that the unini¬ 
tiated Mag}'ar frequently asserts that such words arc originally 
his own and were borrowed from Magyar by the foreigners. 

A list follows of the SL loanwords most commonly occur¬ 
ring in the colloquial Magyar of to-day illustrative of the ex¬ 
tremely ductile character of the language and its power of 
absorbing extraneous cultural material. This quality of 
Magyar is rivalled only by the same characteristic of English, 
the vocabulary of which like that of the Magyar is a mixtum 
compositum thoroughly naturalized and established upon a 
native philological basis. 
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It may be added in conclusion that the Magyars as a 
people, although now much mixed racially, have a remarkable 
capacity for the Magyarization of foreigners. Hundreds of 
families, largely of Germanic and Jewish origin have thus be¬ 
come so much in tune with the Hungarian culture, that without 
any compulsion, they have changed their original names into 
often meaningless Magyar forms and have willingly adopted 
the native idiom as their own. Perhaps the most striking 
example of this is the name Vambery assumed by the late 
famous Hungarian philologist whose original name was Bam¬ 
berg. Many names ending in -ay or (soft vowel) -ry are of 
this nature, as Szinnyey, //ffinyry, etc. The intense clannish¬ 
ness of this interesting and tenacious people is therefore not 
surprising and is paralleled by the equally absorbing Celtic 
Irish, who have CelticLzed “Saxon’' names, such as 
each for Alanning, Gerdaidin for Fitzgeralds etc. In fact, the 
Magyar has many of the fiery temperamental traits of the 
Celt, evidenced not only in patriotism, but in the love for 
musical extremes seen in the wild wind-like playing of the 
Hungarian Gypsies, ranging from inconsolable despair to a 
mad joyousness. Precisely the same phenomenon is seen in 
the Irish and Scottish-Gaelic music with its wonderful dirges 
and almost savage dances. 




Glossary 



ohl^k 

Hrlndow (jirowf) 

aht^k 

pwvai4cT 

chrttk 

ponksup &bare 



ifhrkl 

Koop, ring 


tablcHclolli 

uhnu 

nipbinf, towcE 






thafu 

Orkno 

f haft (£L wiadAv) 


v?EDj±'m»iure 

oka 

peek (mei&ufe) fTkr ofd) 



aimcijta 

Rlnu 



jarok 

ditch 



ft^ (rIso tabje 




jaincr 

hah 


hohr 

htan 

hdha 

mi-iliTifc 

hohica 

midu]rF(&a^ eldwomm) 

haj 

botber, in^Libljc 

b&s 

fighCp tiTy^fgk 

hajn^h 


vo^'nik 

Boldwr, warrior ktjmk 

holka 


huha 



4 


( 
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idot 


bcADi, block, buT ^oAwir Cc- 

hdii 


^dfl 

baipan ■ idol 
ban^ ^'omor 



brejkpa 

pcacb 


fritr 

bral 

brotbef^ iitua.li;y kaludjirr ^ mook 


M. jz^rz^j harai bfolJi^f of a ortonaatic Ofdtf, 

harai 

frirnil 

brat 

brother 

hofAzAA 


brasJa 

furrow 

iarka 

witiilur 

brk 

musuiche, whiaken 


tee 

to confirm 
(eccI«i»9ticBl1y} 

brrmali 

la confirm 

h^ka 


hiJt 

bull 

boratvG 


hr i life 

mat 

horoTTyAn 


Mljaii 

ivy 



hai 

stick fu M. stick} 

cinur 

%• 

ONif-of-^rmt 

ctmtt 

sign, thingle (M- ™ —addrw, title} 

ctckfya 

grtppling-hoofe 

iakija 

book 

nap 

^pigsol 

itp 

ttopper, plugj cork 

naia 

battle 

Iria 

band* Ein^ 

cSfT/^ya 


ifilnja 

dnerfj'-iTM (but R. 



iftia 

cup 

ciodalaias 


£udtto 

vi^nderfuJ 

cmf&m 

ci^f^holder, ^'ochdeo 

iuiur& 

dagoR, wooden flask 

csvtPfsSk 

fluk 

iftwiak 

Thunday 

Aajka 

wctnur^e 

d^ka 

teat 

dar^ 

ba^ 

darotiac 

mine woolen stuf 

dM 

l^i^ai^raRd f^atlier 

drd 

grandfather 

dtitka 


dojka 

boardp plank 

dhjma 



titJw 

difinyt 


dinja 

melon 

danga 

iXAVi 

diiga 

bow (weapon) 

duda 


dud a 

ba^ipe 

fbtd 



dinner 

tCft 


<nat 

vinegar 

nUer^a 

lutbe 


plane 

gajdcitti 


gajdasi 

play the gajda (native bagpipe) 

gaiamb 


goiub 

dove 

gafi^ 


S^J 

pus, dung, matter^ manure 

galya 


gair 

drawers 

gmhfn 

fiiUC-cOmb 

{FlbtTl 

cuny-comb 

gfnhly€ 



take 

gftfnda 


srtda 

beam 



gtltia 

turtle dove 

£ifijz(a 


glista 

worm 

^(thanca 


gihanica 

cake^ pie 

^romka 

mrsei gms# 

^b 

rude, tough 

gSfCI 


ir^ 

ipasm, fit 
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gid>6 

gill-out 

gukUa 

sqESut^ gaU-ilUt (pi^ ^ Up) 


maJitte ol liOtlen 
ituflP 


cloak 

gtinya 


gvnj 

bla&ker 

hitjzdr 



hu&iar. Thii word ii prababJ^ i 


tn£xJL&catlod of Cr gujsr ™ pEmEc rtihcf tiiAn of \L Aiiis^ *■ iweaij', j>. 
one of t part of twenljr* 


updn 


lupan 

local governor^ provindil ^vemor 

janoi 

fnaojcr 

jAsliia 

cribf manger 

jatfor 


j{S?OW 

mapte 

idd 

vat 

kads 

mb, vax 

kakai 

cock; kIv> of 

kokoi 

ben \L fyaJt hen 

kaldti 

ipikc, ear of com 

kdal 

tpike, tuft 

kaiibn 

bovcl 

k^ibi 

hut 

Mitkit 


kri^tk<i 


k^mni 


kanat 

intereit CTk. thmttg^h SEO 

tap^S 



hoop^ citjp 

koja 

muthi pap 


pap, porrid|e 

kaizA 



9C>'tb« 

kadan 


kiOfmo 

boiler 

kafniya 


Skiflvlfa 

box 

ktCJfgt 


kfiiga 

iturgron 

kfTfJtt 


krsl 

croift 

ktftf^tUi 


krjiili 

chrtiim 



jfcrnv/ 

bed 

JtirdJy 


kralj 

king 

kocfi 


koiijA 

carnage 

kocia 


koika 

die (pi. dice) 

k&ma 


kum 

godfather 

Jtondo 


hmd 

ho pa 

jfeMBOffM 



maid 



komoT^H 

f room ol the chambers 


ej’^rais 

kukci} 

vetch (=™ abrakhorjd^ 



kukinja 

kiithem 

kopya 

pike 

kapijt 

fpear {= M. ittiidua) 

korisma 



public house 

kormdny 

helm> govcmmcctt 

krmih 

mdder 

k&sir 

baikct 

ktyfffra 

bampFer 

Acnwf; 


korra! 

amitk 

kondjT. 

leaves 

ktnu 

yeaat 

Jtonyp 


kn^iga 

book 

kutjmA 

cap witb car-cabi 

kiima 

back^ ridge 

kukiK 

gjub 

hikai 

Iniect 

kukorkfi 


ktikuruta 

mabe 

ia/cj 


ktM 

key 

kmUidt 



henuc master^ buder 

k%pa 


kupa 

tup^ goblet 


r 


t 
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hpta 

hall 

tdkai 


hhoi 

pddlock 

tdtu 


ianac 

chjiD 



ian 

tax 

ifncjf 


l/ta 

IcntiU 

Wf 


DC fui/a 


macjka 


maiia 

cal 

TMk 


mak 

poppy 

tndXrm 


maiitta 

rtipSeny 

malom 


miin 

null 

marka 

iiock^ ^di 

mrka 

caiile 

m/ihf 

nudp/d 

bear 

mrrni 


m/^ja 

diiirlcc of zupan* boundar>' 


fHtrili 

RwaaQie^ 

mhn^k 


tn/fnih 

mcAsurEr^ ^rve>'or 



m/ittr 

butcbcf 

mocjar 


malvara 

march 

ff;eInAr 


rfdinar 

miller 

moly 


moij 

moth 

mojfokd 

itep-facher qt 
- diQthtr 

manuka 

siepmodier 

rHQi/ar 


muEar 

ffjortar 

Tt^ar 

pAUtlDt 

tiadpomik 

hi^ tieward^ palatme 

fi/nca 

n/m 

dumb 

n^Bi^ 


nmat 

German 

Jtyoifitlya 


nmija 

mlsecy (9Uvcry)i falling iickaen, 
cpilepiy 

6!oM 


e£ufM 

lead (metal} 



itftp 

column* pilkr 

padI6 


pad 

Hoaring, plank 

p4iidji 


piait 

cloak 

pnlia 


poiica 

itlck 

pap 


pap 

priest, clergyman o[ any aort 

paranA 

p^asa.at 

pr<iFt 

simple peratm^ plain penon 

pBritiya 

pra^ka 

•ling 

pAtiyly 


pond} 

bean 

patch 


patch 

brook ' 

patio 


pothcaa 

horseshoe 

ptttfny^ 


p/itnka 

roMt meat 

ptcsh 

p^iyoa 

pmfsz 

polyta) 

p/lai 

leal 

mould 

pi(ji/jan 

miTuldy 

ptntfh 


p/tah 

Friday 

phtz 


ptnfZ 

money 

pint/ 

cel [it 

pimita 

b«r «llar 

pinc/r 

waiter 

(froin pinci 

■)j lee above 

piaca 

pipacr 


pijaeica 

leech 


pipac 

a kind of bottle 

po^any 

bcaihen 

jM7fditrR 

pagan 


i 
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f&k 


feui: 

ipidcr 

poW 


fakaa 

Hell 



pakrovac: 

toi'trirt 

fok 


paika 

Bhrlf 


ptjeva 

diaff (diat) 

fcnyra 


pOnja?a 

iArf>dulia 

pctU^ 

cbtli 

potjta^ 

linm^ 

pr4^ 


ff^to 

nullrc 

puske 


fubicd 

pm 

pujzla 


piiita 

empty ftpAcej docn 

pVLid 



laatl 



fib 

pritoofr 

ra; 


«/ 

ifrftrm (of be«i} 

rdjt 



ertbp cancer 

Tfpa 


ftpa 

turnip 



rabikia 

suiutie labour 

f6na 


rrnnina 

fat Und^ level place, plain 

fKi 


f^l ^SbvTikji r>^ Cr. 4^ 

lAJ 


IflJ 

rcedip njibei 

jraCor 


$imr 

tCRt 

sisAk 

Jiclnuci 

Hisk 

wild duck; hence helmet Ttutn 




frbape, Cr. kaaga » helmet 

suk4t 


ivim 

peasant^ fbncckic 

sz4^d 


jhtodaHt Skiv. jm&adm free 

itjxkdcr 


soJtaS 

cook (male) 

jLd/md 


llama 

fir.!iw 

JZ4/cinifl 


^juka 

kindof jnipe 

jz^anfut 


sianina 

bacon 

fztcsk^ 


Ji^a 

chopped straw 

sztkriny 


Skrinja 

boj, case 

jtArnti 

lali-cclEir 

johka 

caniaier (for lalt) Cr^ SeZ/mli 

ssdrmaf 


jTt^a 

hap pines luck 



STtda 

Wednesday 



^ijitfa 

plum 

jiixa 


liUf 

sieve 

n^htt 


leha 

Eoom^ chamber 



jjtknJa 

petticoat 




senrant 

/xoiftM 


jubaia 

Saturday 



TMffd 

nelyhbour 

tabor 


tab&r 

camp 



tsbomit 

general, camp-chief 

Utk4(J 


Ikalac 

weaver [fit^tu rita^ 

taliga 


toliga 

cart 

tanya 

himlec 

fian 

dwelling 

tdnyh 


tanjir 

plate (dinner plate) 

tdmak 

tTCAiurer 

marjtik 

freight agent 

tinla 


but 

clem 

i^md^s 


tamoS 

Lnlerpreicr 


( 
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tompa 


tup 

blunt 

tQp^y 


topoljf 

pqptflX 

tixruny 


toranj 

tower 

tdmioc 


famnica 

priiOn 

udcar 


door 

yaid, court 

udcarHQk 

ajurtlct 

dporniJc 

door-^maflp houM manager 

umka 

Erindthild, nephew 


^fAnd»ii 

u^pnna (jll» OUOUndi 

ui^ina 

lunch^ lifht meal 

vaistifa 

lupper 

w^£fta 

evening meal* aupper 


vojwda 

military kader^ duke 

cf^d^dg 


t^Jwdina 

ducbyjreniwrybetwccflZcinun and 
the pment Hungarian border 

wfmio/ 


vaujkuj 

pillow 

r^/r 


v^ro 

bucket (note ^1* in tnze^dtf 

bucket) 



fraifac 

Hparrt>ir 




was 

sdtia 


inli^a 

fork 

tnmyn 


■nJn/d 

dieny' 

cith 

wanior 

vifft 

knlgfal 

w 

ho{i^ ^nkek 

5iBWf 

bolt, bat 




04 If 



vdag 

mortgage 

zjsna 

(told 

Cr. idKa « ifprfl female 

tJtd^ 


S^fjar 

TOttcr 

vidd 


adoB 

Jew 


Columbia U^rvEKSixYp 
New Yohs. 
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I. Introduction 

It is safe to assume that interest id parasites and their 

relations to man and other animal hosts has existed for a very 
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long time, but the discovery of the minute parasites belonging 
to the branch of the animal kingdom known as the Protozoa 
had to await the development of the microscope. According 
to Dobell (193.2), Leeuwenhoek was the first to see and 
describe such microscopic parasites, beginning about the year 
1674, and he found them in flies, frogs, rabbits and man. 
However, general scientific interest in this field did not develop 
until the last half of the tgth century. 

In recent years the subject of host-parasite relations has 
been extensively studied. It is a very broad subject and may 
be approached from many points of view. In the discussion 
which follows it is proposed to consider evidence and interpret 
tations pertaining to certain problems of the origin of para¬ 
sitism among the protozoa and the evolution of these parasites 
in relation to the taxonomy of their hosts. 

Among parasitologists there appears to be a wide-spread 
belief in host specificity, that is, the limitation of each species 
of parasite to a particular species of host or to a group of 
closely related hosts. If this were the general rule, there 
would naturally result a close parallelism between the evolu¬ 
tionary history of the parasite and that of the host. In the 
two decades of experience that the writer has had in the study 
and teaching of protozoan parasitism, there has grown up the 
conviction that this idea of the rigidity of host specificity has 
too many exceptions to make it a safe guide to the study and 
naming of new parasites. Furthermore, there is much evi¬ 
dence that evolution among and within the groups of proto¬ 
zoan parasites has taken place to a certain degree independent 
of host influences of a directive nature. For example, as 
pointed out by Alexeleff (1914) and Becker (193 3 b) species 
belonging to the same genus of parasite are often found in 
wideljr diffei-ent taxonomic groups of hosts and^ on the other 
hand* the same species of host n\2,y harbor a number of closely 
related species of parasites. These facts suggest that new 
species are primarily of mutational origin rather than the 
result of any direct effect of the host in a Lamarckian sense. 
It is the purpose of this paper to examine and interpret some 
of the evidence bearing on these several posBibilities. 
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For the illustrations in this paper the writer has drawn 
primarily from his own collection of slides. Where drawings 
have been copied or made from slides supplied by others, 
acknowledgment is made in the descriptions of the figures! 
Advantage has been taken of a delay in the completion of the 
drawings and of the test to include references to literature 
which has appeared since the original paper was read before 
the Society. No attempt has been made to protdde a com¬ 
plete bibliography. In many instances, where a number of 
references could be cited, only the most recent ones, or the 
more comprehensive articles or chapters are cited, and from 
these, more detailed lists of references can be obtained. In 
part, the researches on which this paper is based have been 
aided by grants from the Special Research Fund of the 
Lniversity of Pennsylvania, 

II. Host-PaR itsiTE Relation's ik Gen'Ekal 
7 . Types oj Association 

Associations between organisms of different kinds, where 
there exists a greater or less degree of dependence of one upon 
another, or of each upon one another, are wide-spread in 
nature and may be considered to be perfectly natural, based 
upon the problem, that every organism has, of securing an 
adequate food supply (Smith, 1934). The more dependent 
member of the association, if it be a plant, may belong to 
anj'oneof most of the major groups from bacteria (perhaps also 
including filterable viruses) up to flowering plants; and if it 
be an animal it may belong to any one of many types from 
protozoa up to mammals. 

The larger and more independent of the two associates Is 
commonly called the host while the smaller and more de¬ 
pendent member is commonly called the parasite. If, how¬ 
ever, no harm is done to the host, the smaller associate may 
be called a messmate or commensal and the relation may be 
referred to as commensalism; and if the two associates are 
mutually beneficial to or dependent upon each other they are 
called symbionts and the relation is termed symbiosis. In 
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the present discussion the term parasite will be used in its 
broader sense to include any kind of protozoan which is 
dependent upon a host, 

The parasite may be either ectozoic, living on the outside 
of the host, or endozoic, living within the body of the host. 
Some parasites are facultative, in that they are capable of 
living an independent existence if no hosts are available, 
while others are obligatory, requiring an association with a 
host in order to complete their life-cycles. Some parasites 
have temporary associations with hosts while others are 
permanent parasites, associated throughout their active 
periods. The following discussion concerns itself primarily 
with permanent endozoic parasites belonging to the Phylum 
Protozoa. 

2, RHation io ike Body of the Host 

Aquatic animals often have ectozoic protozoa attached to 
various external parts and endozoic protozoa invade almost 
every organ and tissue of metazoan hosts. There is, however, 
a tendency for each kind of parasite to be limited to a parti 
ular organ, cavity or kind of tissue, where it normally feeds, 
reproduces and completes that part of its life cycle which is 
commonly spent upon or within a host. In the human body, 
for example, some 25 or more different species of protozoa 
live as parasites (Hegner, 1928), Some of these are limited 
to the urogenital tract {Trichomonas vaginalis. Fig. 54); 
others to the digestive tract in which they may be restricted 
to certain parts thereof, as, for example, the mouth, where 
there are Triskomonaj ehngata (Fig. 53) and Endamaha 
gingi'eafir, or to the small intestine, which is inhabited by 
Giardia lambUa (cf. Fig, 50), or to the large intestine where 
there may be found at least four kinds of flagellates and five 
kinds of amoebae besides one kind of ciliate. Some of these 
live more or less harmlessly in the lumen, while others cling 
to the cells lining the tract {Giardia)^ or invade the epithelial 
lining as do the coccidia (cf. Fig, 4), or they may penetrate 
further into the tissues of the intestimal wall, as in the case 




/ 




HOST-PARASiTE RELATIONS 


609 


of Endamotba histolytica (Fig, 25) and Balantidium, colt (cf. 
Fig. 9). Many parasites invade the blood stream where they 
may attack the blood cells, e.g. parasites of malaria, or may 
swim In the blood plasma as in the case of tiy'panosomes 
(Figs. 44 and 45). Further, they may invade the endothelial 
cells, as does Ldshmania donot/ani (Fig. 49), or they may 
migrate into the muscles and other organs, as in the case of 
Trypanosoma cruzi. 

j. Transmission from Host to I fast 

From any of the invaded regions of the body of the host, 
the parasite, in order to maintain its species, must leave the 
Individual host and find its way to a neiv indlvddual host. 
The methods of transmission are varied but may be sum¬ 
marised as follows. 

a. By the activities of the parasite. This applies espe¬ 
cially to ectozolc species which may migrate from the exterior 
of one aquatic host to that of another {jdmphilepius branchi- 
arum. Fig. 7). 

b. By direct transfer. The parasites may pass directly 
from one host to another when physical contact is made, 
either accidentally, by osculation {Trickomonas clongataf 
Endamsba gingivalis)^ or by coitus {Trichomonfis vaginalis). 

c. By contamination of the food or drink of the new host. 
Leaving the immediate host as cysts or spores, or even without 
a protective membrane in some cases (e,g. trichomonads), a 
parasite may pass out through natural openings or be released 
by break down of the host’s tissues (external ulcers) or by the 
death and decay of the host, and may contaminate the food 
or drink of new hosts, as In the case of most of the Intestinal 
protozoa. After leaving the body of one host, these trans- 
mlttable stages may pass through the digestive tract of some 
other animal before reaching a new proper host as has been 
demonstrated for the cysts of Endamceba histolytica (Fig, 26), 
which may pass through the digestive tract of bouse flies and 
then may be deposited upon the food of man. 

d. By intermediate hosts. Biting animals often transfer 
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parasites from one host to another, either by the mechanical 
method or by the cyclic method. In the former the parasite 
remains on the mouth-parts of the biting animal and becomes 
introduced without appreciable change into a new host when 
the latter Is attacked by the biting animal. Trypanosoma 
evansif cause of surra, a severe disease in domestic animals in 
India and other regions, is thus transmitted by tabanid dies. 
In the cyclic method, the parasite undergoes a developmental 
cycle within the intermediate host so that infective stages 
result from this development, as in the case of Trypanosoma 
ganibirnsr (Fig. 45) in tse tse flies, in Africa. 

e. By invasion of developing eggs or embryos. In this 
so-called hereditary method the parasite within a female host 
invades the egg in the ovary or the embryo in the uterus so 
that the young are infected before leaving the body of the 
mother. Thus, Nosema hombycis of the silk moth invades 
the eggs in the ovary of the mother. 

4. Deftnsrs of ike Host jigainst ParasiUs 

The host may be said to have certain defenses against 
invasion by parasites and against those parasites that may 
succeed in gaining entrance. Among these may be men¬ 
tioned : 

fl. Limitation of Avenues of Entrance .—Many parasites 
gain entrance into a new host only through the natural 
openings, the mouth (especially), the urogenital and respira¬ 
tory openings. Others are introduced through the skin by 
biting animals which harbor the parasites, as indicated above. 
Although larval worms (c.g. hookworms) may bore directly 
through the skin of the definitive host, this method is un¬ 
common among protozoan parasites of terrestrial animals but 
is employed by some protozoan parasites of aquatic hosts. 
Pe net ration of mucous membranes, however, is common 
among the try'panosomes (Figs. 44 and 45). 

b. Secretion Products . — The digestive and other secretions 
may be harmful or lethal to unprotected parasites, especially 
the gastric juke with Its hydrochloric acid and proteolytic 
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enzymes; and few protozoa succeed in remalaing in the 
stomach of most animals more than a few hours without 
being killed. They may, however, live successfully in such 
modified portions of the oesophagus as the crop of birds 
{Trichomonas coiumheij Fig. 55) or the first and second 
stomachs of ruminants where an extensive protozoan fauna 
lives (sec pp- 6^3-634). The small intestine with its rich 
supply of digestive juices harbors relatively few protozoa 
(species of Giardia, Fig. 50), while the caecum and colon, 
w'herc stasis occurs and where digestive activity is reduced, 
are very commonly inhabited by intestinal protozoa. 

r. Serological Defenses.—\i a parasite invades the blood or 
other tissues its presence may call forth specific reactions on 
the part of the host resulting either in the parasite being made 
a more easy victim of phagocytes, or in preventing the 
multiplication of the parasite, or even injuring or killing the 
parasite (Taliaferro, (In addition to all these man 

uses heat, freezing, chemicals, etc., to sterilize food and drink.) 

5. Karialionj in the Siisceptibility of the Host and in the 
Firnlence of the Parasite 

Any evaluation of host-parasite relations must take into 
account not only the methods of invasion of hosts by the 
parasites and of the defenses of the host against invasion, but 
also the variability among individuals both in the suscepti¬ 
bility of the host and the powers of invasion by the parasite. 
Certain individuals, varieties or species of host may be 
immune to a particular species of parasite while their nearest 
relatives arc not. It is well known, for example, that agricul¬ 
tural e.\pcrts are continually seeking strains, varieties or 
species of domesticated plants and animals that may be 
naturally immune to this or that parasitic disease. Similarly, 
the parasite varies; the same strain or species may vary from 
time to time, depending upon the environment; or related 
strains, varieties or species may show persistent or constant 
differences in virulence. When these differences in suscepti¬ 
bility and in virulence are found to persist through succeeding 
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generations they may be thought of as genetic in character 
(Gowen, 1933), probably resulting from mutational changes. 

6 . Ejects oj Parasitism upon the Par&siie 
The assumption of the parasitic mode of existence is 
supposed to carry with it certain changes: (a) morphological, 
such as (i) simplification or loss of some of the structures 
possessed by the free-living ancestors (e.g., loss of mouth by 
astomatous ciliates, Figs. 5 and 6), (ii) the elaboration of 
other structures especially adapted to the changed mode of 
living (e.g., organelles for attachment to the host, Figs, 3 i 
and 6); (i) physiological changes such as (i) enhanced powers 
of reproduction (multiple fission instead of binary fission, as 
in Coccidia (Fig. 4), (ii) behavior patterns which aid the 
parasites in colonizing themselves upon or within the host 
and in passing successfully from host to host (e.g., the trans- 
mittablc gametocytes of certain hemosporidia develop in the 
circulating blood cells where they may be taken up by the 
biting vector while other stages^ develop in the internal 
organs), and (iii) the development of host specificity. (Ex¬ 
amples are given in the next section.) 

III. The Protozoa as Parasites 
Since the unicellular protozoa are regarded as the most 
primitive group of animals, from which the higher animals 
must have taken origin, they, more than any other phylum, 
have necessarily had a longer time in which to undergo their 
own evolution and in which to invade all possible environ¬ 
ments. As a matter of fact, the protozoa have accomplished 
an extensive evolution below the level of multicellularity and 
have become widely distributed over the earth, living an 
active existence in practically all moist environments, in¬ 
cluding fresh water, salt water, moist soil and the bodies of 
most other animals and some plants. 

r. The Principal Groups of Protozoa 
The Phylum Protozoa may be divided into two subphyla 
and five classes, each class, except the Opalinata, including 
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seii'^eral orders. Ad outline of the major groups with some 
Indication of the development of parasitism among them is 
shown in table I. Two of the classes, the Sporozoa and the 
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Opalinau, contain only parasites and each of the other three 
classes, the Euciliata, Sarcodina and Mastigophora, includes 
species, genera, families or even suborders and orders of 
parasitic forms, along with those that are free-living. 

3 , The Sporewfl 

The Class Sporozoa, all members of which are parasitic, 
is commonly divided into two or three subclasses which differ 
so much from one another that it is difficult to decide whether 
one or more of the free-living classes may represent the ancestral 
groups. In this class we find many adaptive morphological 
and physiological features including the entire absence of oral 
apertures and, for the most part, the absence of the locomotor 
pseudopodia, flagella and cilia found in the free^ivlng proto¬ 
zoa. We may, therefore, assume that a verjr long period of 
parasitism is represented and, consequently, we might expect 
to find a high degree of host specificity. Several monographic 
studies enable us to examine data bearing on this relationship. 

a. The Alyxosporidia. —The members of this group of 
highly evolved sporozoa (cf. Fig. i) are found mostly in 
fishes where they dwell In various cavities and tissues such as 
the gall-bladder, the kidney tubules, the gills, muscles, etc. 
In his monograph on Myxosporidia, Kudo (1919) lists 237 
species of'which 213 apparently have known host relationships. 
Of these 213, each of 151 (70.9 per cent) is listed from a 
single species of host while each of 28 (13.1 per cent) is listed 
from two hosts and each of 34. (]6 per cent) is recorded from 
three or more hosts. 

Here, a majority of the species of Myxosporidia appear to 
be limited each to a single species of host and therefore rigid 
host specificity is indicated. There are, however, notable 
exceptions. Among those with three or more hosts we find 
CkloTomyxum listed from twenty different hosts. 

Other species of Ckloromyxum are reported from both the 
elasmobranchs and teleosts, and from fishes from both fresh 
water and marine sources, and have been reported from 
amphibia and even from an Insect. In a recent paper Kudo 
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(*933) lists 23 species of the genus Liptoiheca^ 21 of which 
are found in marine fishes, usualljr in the gall bladder, while 
the other two species are found in the kidney tubules of 
amphibia. Leptotketa oklmacheri (Fig. i) has been found in 
frogs and toads in the United States by Kudo and others 
and the writer has observed it in the following anuran hosts: 
Rana ciAmitans, R. pipiens^ Bufo americana and B. valliceps. 
Thus the principle of rigidity of host-parasite relations has 
many exceptions in this group of Myxosporidia, and doubtless 
further studies will reveal more of them. 

b. The Microsporidis. —^The members of this order of 
Sporozoa are closely related to those of the Myxosporidia but 
the spores are characteristically smaller and somewhat simpler 
and the parasites are more widely distributed among the 
various phyla of animals, most being found in arthropod hosts. 

In Kudo’s (192+) monograph on Mkrosporidia about 130 
species have host relationships indicated. Of these, each of 
95 (73 per cent) has been found in a single host, while each 
of twenty (15,4 per cent) is listed from two hosts and each of 
fifteen {ir.6 per cent) is said to have three or more hosts. 
Nosema apis (Fig, 2), which attacks the cells lining the gut 
of the honey bee. Is listed from this one host, yet Fantham 
and Porter {1914) state that this species may occur naturally 
in wasps and can be experimentally transferred to bumble 
bees, flies, sheep keds and certain kinds of butterflies and 
moths. Further experiments might reveal less host specificity 
than is indicated by the available records. 

The distribution of Microsporidia is surprisingly wide in 
contrast to the host limitations of the Myxosporidia. For 
example, species of the genus Nosema have been reported 
from hosts belonging to the protozoa, flat worms, bryozoa, 
round worms, annelids, and arthropods, the latter including 
certain Crustacea and six orders of insects, as well as in fishes. 
Species of other genera are reported from rotifers, amphibia 
and reptiles. Thus many of the phyla of invertebrates and 
all the cold-blooded classes of vertebrates are reported as 
hosts of Microsporidia. Such a wide range of host relation- 
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ships as is recorded, especially for the genus Nosfma^ does not 
indicate that evolution of species of parasite has been greatly 
conditioned by the nature and evolution of the hosts. 

c* Tfu Ceph^lin^ Gregarines .—The gregarines are relatively 
large Sporozoa living primarily in the digestive tract, body 
cavity and other organs of annelids and arthropods. The 
cephaline gregarines, with attaching organelles, called epi- 
me rites, and with the body of each divided into two regions 
by a septum (Fig. 3), are found mostly in the arthropods, 
and the members of the simpler acephaline group are found 
mostly in annelids. 

For the purposes of this discussion, reference will be made 
to the monographs on cephaline gregarmes by Watson (1916) 
and Kamm (1932). In these monographs a total of 317 
species (ommitting some doubtful cases) are listed with their 
host relationships. Of these, 269 (84.9 per cent) are indicated 
as having each a single species of host and each of 35 (11 
per cent) is listed from two hosts while each of thirteen 
(4 per cent) Is said to have been found in three or more hosts. 
The high degree of host specificity recorded is accompanied 
by the development of adaptive hold-fasts, the epimerites, 
as noted above (see Fig. 3)+ However, attention may be 
called to the fact that species of the genus Gregarina are listed 
from five different orders of insects besides hosts among the 
other classes of arthropods, the Crustacea, the myriopods and 
the arachnids, and, in addition, from other invertebrate phyla 
including flatworms, annelids, rotifers, eebinoderms, and 
molluscs and the lower chordates, the tunicates and enterop^ 
neusta. Further, among the species listed from three or more 
hosts, Grfgarina rigidii is recorded from twelve different 
arthropod hosts* Also, It is not uncomn^on to find the same 
species of host harboring a number of species of gregarines. 
For example, Watson (1916) lists four species of the genus 
GrrgaTiTin and one species of l^Hdyana from the cricket, 
Gryiiiis abhr^vit^tuj. Thus while the gregatines are limited to 
the invertebrates and lower chordates, and apparently show a 
high degree of host specificity, yet there is a tendency for 
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some species to invade a number of different hosts and for 
different species to occur within the same species of host. 

ef. Tht Coccidia ^ — Cioseljr related to the gregarines are the 
Coccidia and we find the members of this order of Sporozoa 
distributed through most of the invertebrate phyla—including 
nemerteanS} annelids (gephyreans, polychsetes, ollgochsetes and 
leeches), all four classes of molluscs, and five classes of 
arthropods — the enteropneusta and all classes of true verte¬ 
brates where the number of species is very great. 

Within the group there are monotypic genera on the one 
hand and others which include large numbers of species. As 
an example of the former the genus Wenyoneliit may be 
mentioned with its single species, W. africana, thus far found 
only in a single reptilian host (Hoare, 1933), while Siimria 
exemplifies a genus with numerous species. 

According to Levine and Becker (1933) the genus Eimeria 
has had 220 species recorded from 183 species of hosts in 
widely separated groups. These hosts Include: annelids, 2 
species; myriopods, 6 species; insects, 3 species; enteropneusta, 

1 species; fishes, 43 species; amphibia, to species; reptiles, 
26 species; birds, 24 species and mammals, 68 species. Not 
only are species of coccidia numerous In birds and mammals, 
but a single species of host may harbor several species of the 
same genus of parasite. According to Becker (1934) rabbits 
harbor five species of Eimfria and the domestic ox and the 
domestic chicken may each harbor six species of Eimeria. 
In each of these hosts the species are apparently closely 
related and at one time were considered single species. 
Evolution of new species within a single host Is thus indicated. 
Although .Andrews (1927), Tyzzer (1929) and Becker (1933a) 
have demonstrated host specificity to be rather rigid among 
the species of Eimeria, yet when we find these species ranging 
through all classes of vertebrates and into some of the inverte¬ 
brates, there seems to be little evidence of parallelism between 
the evolution of the parasites and of their hosts. 
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The Ciliopliora 

Metcalf (19-3) and others have divided the Ciliophora 
into two general subgroups, the Opalinata, containing only 
the aberrant clliates belonging to the Family Opalinid® with 
undifferentiated nuclei, and the Euciliata, all of which have 
tw'O types of nuclei. The Euciliata, in turn, are divided into 
the Ciliata proper, with cilia throughout active existence, and 
the Suctoria, which have sucking tentacles in the adult 
condition. 

a. Tkf Opalinida. —The members of this family are char¬ 
acterized by the absence of a mouth and by the presence of 
two or more similar nuclei in each animal. They are all 
endozoic, mostly in the large Intestine of amphibia. Metcalf 
(1933) divides this family into four genera each containing 
from 30 to 40 species or subspecies. From the information 
given in Metcalfs monograph there appears to be a high 
degree of host specificity in this family. However, it may be 
noted that each of the four genera have species distributed 
through four families of anurans—Pelobatidae, Bufonldm, 
Hylidae and Rantdas-—and two of them also have species in 
the tailed amphibia, indicating that speciation within the 
genus has not been limited to particular families of hosts. 
As to host Specificity the data are, of course, incomplete, but 
Metcalf (1909} tried experimental cross-infections and as a 
result states: '‘It seems probable that any species of frog or 
toad Can be infected with the cysts or adults of any species of 
Opalina (except, of course, 0. saturnaiis) '* 0. saturnaHs was 

later called PTotoopalind saturnalis and occurs in the marine 
fish, Sox hoops to which tt is apparently specific. 

The occurrence of an opalinid in a marine fish is not the 
Only exception to their limitation to amphibian hosts. Lavier 
(19^7) found a species of pTotoopalitta in an African lizard, 
f aranus mlotiius^ and Carini (1933) has recorded a species of 
ZeUerisUa from a cobra, Liopkis Also, in the writer's 

laboratory a species of XtUerielia has been found in a tree boa 
from the West Indies. The species of ZeiUrislh from the 
tree boa appears to be identical with that (Fig. 5) found in 


t 


HOST-PARASITE RELATIONS 


619 


the southern tree frog, Hyla cinerta. These observationSj 
together with the experimental transfers made by Metcalf 
(1909), indicate that host relationships may not be as specific 
among the opalinids as the results of examination of hosts to 
date would Indicate. Metcalf (1928) later suggested that 
evolution of species among the Opalinidse has taken place in a 
relatively constant environment and is due to internal 
causes, apparently involving orthogenesis. 

h. Jitomaious in the Order Holotrtchida. — In this 

as in other orders of the Eucihata, there is a differentiation 
between macronuclei and micronuclei. The members of the 
Suborder As tom in a are all parasitic, without mouth openings 
and many of them have hooks (Fig. 6) or suckers by which 
they attach themselves to the digestive tract or other organ 
of their hosts. Probably a long period of parasitism is 
represented, yet they are distributed among many hosts 
(Cepede, 1910). Perhaps the majority have been found in 
annelids, but they have been recorded from coelenterates, 
turbeiJarians, rotifers, bryozoa, echinoderms, molluscs and 
crustaceans among the invertebrates and from amphibians 
among the vertebrates. Acco^rding to Cepede {1910) members 
of the genus Anoplophrya have been reported from bryozoa, 
molluscs and Crustacea besides the three classes of annelids. 

c. Amphileptus branckiaruin. —Many ectozoic and endo- 
zolc ciliates are found among the members of the Holotrichida 
which possess mouths as do most ciliates. Among these, 
Amphileptiis brancki^Tum (Fig. 7) which the writer discovered 
a few years ago on the gills of tadpoles (Wenrich, 1924b) is 
chosen as perhaps representing a transition between a pre* 
daceous status and a parasitic one. The other species of 
AmpkiUptus are commonly predaceous, frequently attacking 
and devouring vorticellas, trichodinas and other ciliates of 
the Order Perltrichida. Amphileptvs branchiarum has a free- 
swimming stage during which it roams about over the gills 
of the host tadpoles and if, while doing so, it meets an ectozoic 
Foriicelia or Trichodina it may indulge its predaceous ten¬ 
dencies by devouring one of them. At other times, and more 
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commonly, it attaches Itself to the gills by a thin membrane 
within which it gently swims in a rotating manner, pausing 
at appropriate limes to engulf masses of gill cells to satisfy 
its food requirements (Fig. 7). This species of AmphiUptus 
is, perhaps, in the process of changing over from a strictly 
predaceous animal to one w'hich may be regarded as definitely 
parasitic. 

d. The Ciiiates 0/ Sea Urchins, —^The ciliates living in the 
digestive tract of sea urchins provide us with some interesting 
data which may shed light upon the problem of the origin of 
the parasitic habit. From the recent papers by Lynch 
(1930), Biggar (193a), Powers (1933), Lucas (1934) and 
Uyemura (1934) we learn that ten or more genera of ciliates, 
most of them belonging to the Order Holotrichida, have thus 
far been described from this group of hosts and the urchins 
have been collected from such widely separated regions as the 
Mediterranean Sea, the North Sea, the coast of Maine and 
nearby regions, the coast of North Carolina, the Bermuda 
Islands, the Tortuga Islands, the coast of California and both 
the east and west coasts of Japan. CTyptochilidiurn ijOrypto- 
chilurtijj Entofhipidium and Eniodiscits are genera so far not 
recognized in any other environments although they consist 
of Species that are not greatly different from those of certain 
free-living genera. They have apparently undergone species 
evolution In the environment provided by the hosts, since 
Lynch described four species of Entorkipidium^ for the one 
species of host, Sirongylocentrotus purpuratus and Uyemura 
has described anotlier species of Entorhipidium from two other 
species of Sirongylocentrotus and from species belonging to 
three other genera of sea urchins. Thus in the genus £«/<»- 
rhipidium we have both the multiplication of species within a 
single species of host and also the spreading of another species 
into a number of different species of hosts. Besides these 
strictly endozoic genera there are representatives of the 
following genera, most of the species of which are free^living: 
Eiagiopyla^ Colpidium^ Colpoda^ Uronema and AnophrySy all 
belonging to the Holotrichida, and Metapus., belonging to the 
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Hetcrotrichida. Kahl (1932) recognizes more than 50 free- 
living species of most of them from fresh water but 

a few from marine or brackish water. A number of species 
of this genus have been found in sea urchins and in this as 
well as In the other genera just mentioned, there is apparently 
an adoption of the endozoic habit with but little change in 
the characters of the animals that have thus transferred from 
a free 4 iving existence. Some of the species of these genera 
may prove to be facultative, but others are apparently unable 
to live very long in sea water, the environment of the host. 
This situation apparently illustrates the Gircumstance that^ 
when free-living protozoa first become endozoic they do not 
necessarily undergo any marked morphological modification. 
When the association persists over long periods of timej 
divergent evolutionary processes may result in the develop¬ 
ment of forms which can no longer be placed in the same 
genus as their near relatives among the free^living animals. 

Genus N^yctotherus^ —Somewhat related to Metopus 
Is the genus A^yetotherus (Fig- 8)^ all species of which are 
endozoic in various animal hosts. Although four doubtful 
species of the genus have been described from warm-blooded 
hosts, one from the guinea pig and three from maUj the other 
species so far described have been limited to cold-blooded 
vertebrates and to invertebrates. Most of the vertebrate 
hosts of N^ycMherus arc amphibians, especially frogs, toads 
and tree frogs, but species have been described from fishes 
and reptiles. Among the invertebrate hosts are oligochaete 
worms, crustaceans, myriopods* a variety of insects^ such as 
cockroaches, mole crickets, beetle larvse, crane-fly larv^, and 
termites; also echinoderms and molluscs. Not only are the 
species of this genus widely distributed among cold-blooded 
hosts, but the same species may live in a number of different 
kinds of host and the same species of host may harbor a 
number of different species of Nyctoikerus, For example, 
iVyetotherus cordi/ermis has been recorded from a variety of 
frog and toad hosts from all the continents^ and tignna 

and Bu/o marina are each recorded as harboring two or more 
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species of Nyctotherus. Thus the distribution of the species 
of the genus Nyctoikerits appears to bear little relation to the 
systematic relations of the host. 

/. Tk^ Gtnus Balantidium .—Another genus of parasitic 
ciliates belonging to the Order Hetcrotrichida is Balantidium 
(Fig- 9 )t species scattered through the animal kingdom. 
According to recent papers by Bhatia and Gulati (1927) 
by Hegner (t934a) about 50 species of this genus have been 
described with more from mammals and amphibia than from 
any other major groups of hosts. Birds, reptiles and fishes 
also harbor certain species and among the invertebrates 
recorded as hosts are coelenterates, flat worms, annelids, 
molluscs, Crustacea and insects. Here, again, we have records 
of species which may inhabit several kinds of hosts and 
certain hosts that may harbor several species of this genus of 
parasites. Balantidium cofi, which is occasionally found in 
man in various parts of the world, is apparently also found in 
other higher primates and in the domestic pig. Schumaker 
(1930) was able to transfer this species from pigs to guinea 
pigs and still more successfully to rats. From the criteria 
provided by Hegner (1934a) it appears that the chimpanzee 
may harbor another species (Fig. 9) in addition to B^ coli. 
BalaniidiuTti duodtni, B, flongatum and B. helens hat'e each 
been recorded from as many as four different species of 
amphibian hosts and Rana tigrina has been recorded as 
harboring as many as siit species of Balantidium. It may be 
that not all of these sli are distinct species, but other kinds 
of amphibia also harbor several species of Balantidium, Thus, 
evolution of species in the genus Balantidium appears to be 
to a considerable extent independent of the evolution of the 
hosts. 

g. The Ophryoscoiecid^ and CyHopo$tkiXdte,—\n the ciliate 
Order Oligotrichida, are certain families that have undergone 
extensive evolution in certain groups of hosts. The members 
of the Family Ophryoscolecida (cf. Fig. to) are found pri¬ 
marily in the first and second stomachs of ruminants. Re¬ 
lated families are found in the caeca of the Equidse and their 
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relatives and also in some rodents and higher primates 
(Gorilla and Chimpanzee). 

In recent studies by Kofoid and MacLennan (1933) on the 
ciliates of the stomach of the Indian humped ox, Bos indkus., 
100 species belonging to thirteen genera are recorded from 
this one species of host. It is noteworthy that the genus 
Ostracodinium is represented by 19 species, Entodinium by 20 
species and Diplodinium by 23 species. One host individual 
harbored fifteen species of Entodinium^ 

Considering the Family Ophryoscolecidse still further, a 
survey of papers by Bulsson (1923), Dogtel (1927), Becker 
and Talbot (1937) and Hsiung (1931, 1932) indicates that 
other ruminants have numerous species belonging to this 
family. Thus, domestic cattle are credited with 107 species 
included in seven genera, the domestic sheep with 37 species 
in four genera, the reindeer with seventeen species in three 
genera and the dromedary with nine species In seven genera. 
Other ruminants, such as camels, antelopes, etc., all have 
their members of this family of ciliates, but have not been 
fully investigated. Many of these ophryoscolecids occur in 
several species of hosts, for example, Entodinium longi- 
nuckutum has been reported from the Indian ox, domestic 
cattle, Chinese cattle, Chinese sheep, reindeer and dromedary^ 
and Eudiplodinium maggii is recorded from domestic cattle in 
various parts of the world, from the Indian 01 and from five 
different genera of African antelope. There is thus a striking 
tendency toward evolution of species in this family of ciliates 
within the group of hosts known as ruminants and also within 
single host species, and host specificity is not very rigid. 
Crawley (1923) has pointed out that in the Ophryoscolecidse 
the characters represented by the cilia vary independently of 
those represented by the form and arrangement of the 
armature of spines and skeletal structures. This suggests a 
mutational origin of such variations in either set of structures 
independent of the other. 

It is also to be noted that the first and second stomachs 
of the ruminants harbor many other protozoa belonging not 
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only to other groups of ciliates but also to the flagellates and 
amcebsE. 

The Family Cycloposthndst (cf. Fig. ii) U closely related 
to the Ophryoscolecidsej just mentioned, but its members arc 
found primarily in the caecum of members of the equid^^ 
especially the domestic horse* From this one hostj Hsiung 
(J930) lists nineteen species included in seven geAera of this 
family mth nine species in the one genus, Cychpostkiumj so 
that extensive evolution of species is indicated for this ciliate 
family in a single species of host. There are a considerable 
number of other ciliates belonging to other families and orders 
in the equidse and similar ciliates are found In the tapir, 
elephant and rhinoceros (Buisson, 19^3)' addition to the 
nineteen species of Cycloposthildse, Hsiung lists from the 
horse 33 other species of infusoria including seventeen species 
of twelve genera of the holotrichous family Butschliidx and 
three species of a suctorian, besides two species 

of Endam(gba and four kinds of flagellates, indudmg a Tricks- 
moms. 

It is also interesting that several species of Cydoposihiitm 
(Fig. ii) along with other ciliates much like those of the 
horse, occur in the caecum of the large rodent, nydrock(Erus 
capybars of South and Central America (Cunha and Muni^, 
1927). One hesitates to suggest tliat a taxonomic relationship 
between the horse and the rodent is indicated by the similarity 
of their csecal protozoa, yet the horse is supposed to have 
evolved from a rodent-like ancestor on the American conti¬ 
nents. At any rate, the Ophrj^oscolecidce and CycloposthiidK 
illustrate a capacity for extensive evolution of species within 
limited groups of hosts. 

4. Th^ Sarcodina 

Representing the Class Sarcodina, there is an extensive 
series of endozoic amoebae. The amoebae are usually con¬ 
sidered to be the simplest animals yet they are highly success¬ 
ful in maintaining themselves, both as free-living organisms 
and as parasites. We may well refer to those found in man 
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and their nearest relatives found in other animals. In man 
as man}r as si:x species of endozoic amoebae are recognized 
belonging to the genera, Endotimax^ Ditntamteb&f lodamfxhti 
and Endum<eha^ 

Man harbors Endoiimax nana (Fig. 12) and apparently 
the same species occurs also in other higher primates (Dobell, 
1933, Hegner, 193+b). V'ery similar forms are found in other 
mammals (e.g,, guinea plg^ Fig. 13), and various birds, 
lizzards, frogs (Fig. 14), and rock hsh, among the vertebrates; 
and a considerable number of invertebrates including cock¬ 
roaches (Fig. 15), millipeds (Fig, 16), crane-fly larvse (Fig. 
17), Japanese beetle larvK (Fig. 18), and leeches. Examina¬ 
tion of specimens from such a series of hosts (Figs. 12 to iS) 
will indicate how difficult it is to recognize species by morpho¬ 
logical characters alone. Experimental transfers may help to 
determine species limits. Dobell (^933) has demonstrated 
that the Endolimax of rhesus monkeys can be transferred to 
man but he could not colonize It in cats. On the other hand, 
Kessel reported successful transfer of EndoHmax from man to 
rats (1923) and domestic pig (1928a) as well as to the monkey 
(1928b), and Chiang (1925) and Smith (1928) reported the 
natural occurrence in rats of an Endoimax similar to E. nana 
of man. 

The species of Endotimax resemble very closely many of 
the small free-living iimax amoebae so that, apparently, the 
endozoic habit has been adopted with I'^ery little morphological 
change, and the endozoic group has Invaded an extensive 
series of animal hosts belonging to various phyla with little 
evidence of morphological evolution. If it is found by 
appropriate experiments that many of these show rigidity of 
host-parasite relations, one may be justified in referring to 
them as physiological species. 

The genus EHetttamaeba is thus far represented by only one 
species, D. fragUis (Figs. 19 and 20), found originally In man. 
Recently, however, Hegner and Chu (1930) have discovered 
what appears to be the same species (Fig. 20) in wild monkeys 
in the Philippines and Regandanz (1939) has reported its 


626 


D. H. WENRTCH 


successful transfer to rats. With the normal hosts of this 
amoeba apparently limited to man and monkeys, the evolu¬ 
tionary histor}'' of the species presents an interesting problem. 
Presumably it has either evolved from other species residing 
in Its present hosts or it has been derived from some other, 
as yet unrecognized, reservoir host among other animals, or 
more directly from a free-living ancestor. 

The genus lodamoeha, represented by L but^cklil was also 
first recognized as a parasite of man (Figs. 21 and 22) but 
this species has its counterpart In monkeys and apes (Figs, 23 
and 24). Although Kessel (1923) and Smith (sgaS) reported 
its successful transfer to rats, until recently the domestic pig 
was the only other animal known to harbor natural infesta¬ 
tions of lodamteba. Now, Fantham (1932) has reported a 
Species from a tortoise in Africa, and doubtless other hosts 
will be discovered. There are no obvious specific differences 
between the strains of lodatnaba from man, apes, monkeys 
and pigs, but actual host-parasite relations must await more 
experimental data. > 

Man harbors three or more species of the genus Endamabat 
one in the tnouih (£. gln^ivalis) and the others in the large 
intestine. . 4 moeb® apparently identical with £. pngivalis 
have been reported from the mouths of other animals in¬ 
cluding dogs and cats (Goodrich and Mosely, 1916), horses 
(Nieschulz, 1924) and monkeys (Hegner and Chu, 1930)- 

The two common species of Endamceba in the large in¬ 
testine of man are (i) £. histolytica (Figs. 25 and 26) which 
may invade the tissues causing intestinal ulcers, amoebic 
dysentery or amoebic abscesses in the liver and other organs, 
and (2) E. coli (Figs. 37 and 38) which is apparently harmless. 
Other species of Endamisba occur in all classes of vertebrates 
and in many invertebrates including such animals as the 
cockroach (Figs, 33 and 34), crane fly larvas (Fig. 35) and 
Japanese beetle larvae (Fig. 36). 

Endamesba histolytica and E. ccli of the large intestine of 
man are apparently duplicated in the apes and monkeys, but 
forms which are almost as difflcult to distinguish, on morpho- 
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logical grounds, are found In other animals, such as rats and 
frogs. Furthermore, there Is greater similarity betiveen E. 
ranarum (Figs. 29 and 30) and E. hijiolytica (Figs. 23 and z6) 
than between the latter and E. coli (Figs. 37 and 38) which 
lives with E. kiitolyiica in the human colon. One of the 
amoebae of the rat (Figs. 27 and 2S) resembles E. histolytica of 
man more than it does the other one of the rat (Figs. 39 and 
40) which In turn more nearly resembles £. colt of man. 
E, histolytica has been successfully transferred from man to 
such animals as monkeys, dogs, rabbits, guinea pigs, pigs and 
rats. Also spontaneous infections with what appeared to be 
this species have been reported for monkeys (Hegner and 
Chu, 1930), cats (Kessel, 1928), dogs (Andrews, 1932) and 
rats (Lynch, 1915; Brug, l9i9;Chlang, 1925 and Smith, (928). 
Ratcliffe and Geiman (1934) hai'e found an amoeba in snakes 
which greatly resembles F. histolytica both in its morphology 
and Its capacity to invade tissues, causing intestinal ulcers 
and liver abscesses. Host specificity is obviously not very 
rigid in the case of F. histolytica and the species relations 
within the genus show little parallelism with the tajconomy of 
the hosts. 

5. The Mastigophora 

Many authorities regard the Mastigophora, some of which 
have chlorophyll in their bodies, as the most primitive group 
of protozoa from which all the other major groups (and 
perhaps also the higher plants and higher animals) have been 
derived, either directly or Indirectly. 

d. Endoioic Englenoid Flagellates. —The Order Euglenoid- 
ida includes many kinds with green chlorophyll and some 
without chlorophyll. Some of both these categories have 
taken up residence within animal hosts. Euglenamorpha 
hegneri (Fig. 41) is found in the large intestines of the tadpoles 
of many species of frogs and toads (Wenrich, i9Z4a), Because 
it possesses green chlorophyll like its free-living relatives, one 
may presume that it has only recently evolved from free- 
living ancestors, or else evolution was arrested after the 
endozoic habit was assumed. However, along with this 
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green species, one often finds A colorless variety, E, piUucida 
(Fig. 43), and the presence of intermediate forms (Fig. 43) 
suggests that specimens of E. pellttcida may be modified 
individuals of the green species. On the other hand, one 
often finds tadpoles that harbor only the colorless form and 
in a few instances the writer has found the colorless variety 
in the urinarj' bladder of recently metamorphosed frogs 
{Rana pfprVnr, collected at I.awrence, Kansas). Here we 
seem to have a picture of evolution in progress. Euglena- 
motfha htgu/ri is like free-living euglenas except that it has 
three flagella while the free-living species have only one 
(genus EugUna) or two (genus EtdTtpm). EuglenamoTpha 
pellucida has from three to sji flagella and Htgneria /rpfe- 
daciylif another colorless euglenoid reported from tadpoles in 
Brazil by Brumpt and Lavier (1934), is said to have seven 
flagella. 

With these and other examples, to be mentioned below, 
the two phases of evolution, the morphological and the 
physiological, may be illustrated. A few years ago the writer 
chanced to examine a large mllliped [Spirobolus marginatnj), 
which had been kept for some time in an aquarium jar 
containing damp sphagnum- It was surprising to find, in the 
intestine of this animal, considerable number of a species of 
colorless cuglenoid belonging to the genus Menoidium, These 
flagellates were apparently living a contented existence in 
this endozoic habitat and they were also found free-living in 
the moist sphagnum. This free-living flagellate thus dis¬ 
played the facultative capacity of maintaining for a brief 
time, at least, an endozoic existence. Since Hegner (19^3) 
had shown that different species of euglenoids differ notably 
in their susceptibility to digestion in the digestive tract of 
tadpoles, the ■writer, with the help of Miss Marian Savin, 
conducted experiments to try to infect individuals of Spiro- 
bolus with EugUna gracilis. It was found that when this 
species of EugUna was fed to the millipeds, some of the 
flagellates were killed and partly digested, some were killed 
but not digested, and some were not killed. Active euglenas 
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could be recovered by killing the mitliped and examining the 
contents of its intestine a daj^ or two after feeding, and could 
be recovered from the feces of the millipeds fed with euglenas, 
How'ever, the sojourn of the euglenas in the milliped was verj' 
limited. We may say, then, that Menoidtum sp. and Eitglena 
gracilis, to a less degree, were capable of surviving in the 
intestine of the milliped for a matter of a few days but were 
unable to colonize themselves as endoxoic flagellates. On 
the other hand, colorless euglenas {Euglcna leuccps and other 
species) have become definitely parasitic In the digestive 
tract and tissues of certain rhabdocoele worms (Hall, 1931)* 
Since there are free-living as well as parasitic euglenas, which 
are colorless, it cannot be determined whether or not the 
colorless feature of the endozoic species became manifest 
after the parasitic mode of existence was assumed. Euglena~ 
morpha hcgfieri has become adapted to an endozoic existence 
(no free-living species of EitgUttamorpka are known) but it 
retains its chlorophyll while adding one or two fiagella. 
E, ptllucida living in the same environment as £. hegueri, has 
undergone more marked morphological changes, losing its 
chlorophyll and increasing the number of flagella up to six, 
and Hegneria Itpiodactylt has seven fiagella. In certain cases 
E. pelludda has taken an additional physiological step by 
invading the urinary bladder of transforming tadpoles and 
has persisted for a time in young frogs, but no further morpho¬ 
logical changes could be noted. Thus in the EugUna group, 
a definite parasitic habit has been accompanied by little 
morphological change, other than the loss of chlorophyll, 
while in the Eiiglenantorpha group, apparently, marked morpho¬ 
logical changes have resulted from the assumption of an 
endozoic existence. 

i. The HemojiageilaUs^—Tbt family Tryp a nosoma tida 
consists of five or six closely related genera containing species 
which inhabit a wide range of hosts from latex-bearing plants 
up to man. The species of the genus TrypanosQftia (Figs- 44 
and 45) are found as blood-inhabiting parasites in all groups 
of vertebrates and in certain transmitting hosts such as 
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leeches, biting insects and In one case, a mammal, the bloods 
sucking bat of Central America. Wenyon (1926) gives a list 
of nearly 500 species of vertebrates in which one or more 
species of Trypanosoma live naturally or have been intro¬ 
duced esperimentally. This list of hosts includes 119 binds 
of mammals, 206 kinds of birds, 33 of reptiles, 37 of amphibia 
and 102 of fishes. Calkins (1933) gives a list of trypanosomes 
that have been described from vertebrate hosts and this list 
is distributed as follows; 93 species in mammals, 148 in birds, 
29 in reptiles, 41 in amphibia and 93 in fishes. As Calkins 
suggests, it is probable that many of these are not distinct 
species, but the two lists serve to give an idea of the widC’ 
spread distribution of the members of the genus Trypanosoma 
through all the major groups of vertebrates, 

Within the genus TrypanosOTtia some species show rigid 
host specificity while others show very little specificity. 
Experimentally, a number of species of Trypanosoma have 
been transferred to an extended series of laboratory animals, 
indicating a lack of host specificity and, on the other hand, 
the same host may harbor a number of species of the same 
genus. Even man harbors two and possibly more species and 
recently Trypanosoma laoisi, which is supposed to be specific 
for rats, has been reported from the blood of a human being 
(Johnson, 1933). Not only have the members of the genus 
Trypanosoma undergone an extensive physiological evolution, 
as represented by their capacity to live in so many different 
kinds of hosts, but they have also undergone a morphological 
evolution- There are many specific morphological characters 
including great range in dimensions and internal structure 
(compare Figs. 44 and 45)- Space does not permit more 
extended discussion of this interesting group of hsemoflagel- 
lates, but the evidence indicates that evolution of species 
exhibits little parallelism with the evolution of the hosts. 

Other genera of the Family TrypanosomatldK are Crithi- 
dffl, Ugrpetomonas and Leiskmania, Species of Crithidia are 
limited to the digestive tract of Invertebrates where, according 
to Noller (1931), they are found In many families of the 
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insect Orders^ Hemiptera and Dlptera^ and also In fleas, bees 
and ticks. According to Noller (i9Ji) species of Iffrp^o- 
{including his subgenus Leptornonas) (Fig* 47) have 
been reported from a large number of insect hosts and also 
from ticks, wasps, nematodes and molluscs among the inverte¬ 
brates and from all classes of vertebrates* Experimental 
evidence indicates that the same species of Ilffpifiomonai may 
be transferred to many different species of host (Becker, 
1923). Another group of species, sometimes placed in a 
separate genus, Pkyiomon&s^ is found in certain lates-bearing 
plants (Fig* 46} and they are transmitted from plant to plant 
by juice-sucking bugs. Species limits In this group have not 
been satisfactorily determined, although host specificity is 
apparently not very rigid (Holmes, 1930)* Species of the 
genus Lfishmania have an afiagellate phase (Fig. 49) in the 
body cells of some vertebrates and a flagellate phase (Fig, 48) 
in the digestive tracts of insects and in culture* While the 
species of this genus seem to have a limited distribution 
among animal hosts, it is interesting that two or three species 
have been recognised in man and apparently the same 
species occur in dogs. They are also transmittablo to mon¬ 
keys and to a variety of rodents* Still other species occur in 
Iizzards (see Wenyon, 1926}. Host specificity does not seem 
to be very rigid for the species of L^ijkmanm. 

Considering the Trypanosomatidse as a whole, we have 
.the simplest species in the genera Leukmania and Hfrp^to- 
fnonds (including L^plomonaj and Phytomona/) whicfi are 
found in a wide variety of hosts from plants up to man, and 
which are closely related, morphologically, to some of the 
simpler free-living flagellates. Species of Criikidia are some¬ 
what more complex with a slightly developed undulating 
membrane and are limited to invertebrate hosts^ Trypano¬ 
soma, with its highly developed undulating membrane (Figs, 
44 and 45), IS found in all groups of vertebrates and in those 
invertebrates which act as transmitting agents* 

f. The Polymastigida ,—The poly mas tigote flagellates are 
more complex than the hsemoflagellates in that they have 
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from two to eight flcigclls ^iitorc in the polymeric Poly 
monadina) and usually possess a mouth and a variety of 
fibrils or rods such as axostyles, parabasal bodies, etc,, and 
may also have an undulating membrane with supporting rods. 
Most of them are parasites. 

The trichomonad flagellates have several flagella, an axo- 
style and an undulating membrane with one or more accessory 
fibrillar structures (Figs. 5t and 53-66). Several species of 
Tfichofnon^is have been described from man and others are 
found in animals belonging to all the classes of vertebrates 
and in some invertebrates, A few are selected for discussion. 

Trichomonas elongata (Fig. 53) of the human mouth and 
T. vaginalis (Fig. 54) of the urinogenital tract are closely 
related, morphologically, and may possibly be the same 
species. Forms similar to these vaginal trichomonads have 
been found in monkeys, and forms similar to T. elongaia have 
been found in the mouths of dogs and horses as well as of 
higher primates. A species verj^ similar in morphology to 
T. vaginalis is T, colvviba (Fig, 5 S) found in the crop of 
pigeons and doves (Oguma, 1931). Trichomonas kantinis 
(Fig. 56), the more common species in the intestine of man, 
is indistinguishable morphologically from trichomonads from 
the intestines of rats (Fig. 57), monkeys (Fig. 58), cats and 
dogs. On the basis of the morphological studies of Wenrich 
(1931) and others and the experimental work of Wenrich and 
Yanoff (19^7), Kessel (1928b), and Simic (1933) it seems 
probable that the one species may live in all of these hosts, 
and Hegner (1929) was able to transfer it from man to chicks 
where it remained as long as 141 days. The second species 
from the intestine of man, T. jecalis (Fig. 59)i ^ dose 

counterpart in F. hatrachoruin (Fig. 60) from the intestine of 
frogs and toads, and, morphologically, they are indistinguish¬ 
able. A species from the genital tract of cows (F, JeetuSt 
Fig. 64) instead of resembling the one from the human genital 
tract (Fig. 54), is more like a species from the intestine of 
monkeys (Fig, 63), and the latter species is more like F, muris 
of rats (Fig, 62), T. caoite of guinea pigs (Ftg. 65) and T. 
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augusta of frogs (Fig, 66 ) than it is like any species found 

in man. , . 

Alexeieff and Gwelessiany (1929) '^hat m Europe 

Trichotnofias angujta (Fig. 66 ) occurs only in toads and not in 
frogs. On the contrary, in the writer’s experience this species, 
although varying somewhat in size in different infections, 
occurs in a large number of amphibian hosts including some 
tailed amphibia as well as frogs and toads. For example, in; 
(^a) Anura: Rana clamitanSy R. cattsbiana, R. pipiens, R^ 
paluslris, R. anfora draylonif Plturodema hibroni (Chile), 
jdcris gryllus, Hyla pickeringi, II. persicolor, IL cinerea, Bnjo 
amerk&na, B, cognuius, B. vankeps, B, marina (Panama, 
Island of Trinidad), B. spinulosis (Chile), Gastrophryne 
iixinsisj Schaphhpus kammondif Calypiocsphaia gayi (Chile); 
(i) Urodela; Cryptobranchus alUgkanknsiSf Tritufus mri- 
dfscsns, Dssmognathns fitscui and Pseudotriton ruber. 

Thus, in the trichomonad group of flagellates, morpho¬ 
logical speciation has cut across the taxonomic lines of the 
hosts giving little evidence of parallelism between the classi¬ 
fication of the parasites and that of the hosts. 

Within the limited host environment represented by 
certain genera and families of termites, the polymastigote 
flagellates have undergone an extensive evolution producing 
larger and more varied species than are found in other host 
groups so far studied, with the exception of the wood-eating 
roaches (cf. Fig, 51). Not only have they evolved into many 
genera and species of single units, but they have undergone 
polymerisation, with varjdng multiples of the fundamental 
unit represented by a single trichomonad. Kirby {i 93 ®) 
lists five families and twenty genera of monomonad poly- 
mastigotes and one family with five genera of polymonad 

forms. ... - ■ 

This extensive evolution within a limited host association 
is paralleled by the flagellate Order, Hypermastigida, the 
members of which are confined to two groups of insects, the 
termites and the roaches. Within these host groups an 
amarfing development of families, genera and species has taken 
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place producing the most complex flagellates known to 
zoologists (cf. Fig. jz). From the termites Kirby (rgjo) 
lists seventeen genera separated into ten families. Cleveland 
and associates (*934) hav'e found a series of flagellates living 
in the intestine of the wood-eating roach, Crytocercus punctn- 
laiuSf which rivaU that of the termites. They include twenty 
species of hypermastigotes in nine genera in addition to five 
species of polymastigotes in three genera. Thus in this single 
species of host an extensive evolution of flagellate species, 
especially of the hypermastigote type, has taken place. 

Among the polymastigote flagellates belonging to the Sub 
Order Diplomonadina, there are two genera, Giardia (Fig. 50) 
and Hexamiia (Figs. 67^86), each of which has undergone 
extensive evolution into species and has developed wide host 
associations. Although limited to the vertebrates the species 
of Gtardia are.found in all the classes from Ashes to mammals. 
According to Hegner (i93<^) others there seems to be a 
rather rigid host specificity in this genus, yet Hegner (1917) 
Succeeded in transferring Cititdias from man to rats and 
obtained evidence (confirmed by Potter, rgay) that G. lamhlia 
of man may live naturally in rats, along with another species, 
Giardia murts (Fig. 50). The restricted host relationships 
among the species of Gtardia even with the exception just 
noted, is iit contrast to the situation in the genus 

Hexamita which will next be considered. 

The genus Htxamita is interesting because its species 
range more widely in their environmental relationships than 
any of the generic groups heretofore mentioned. Species of 
Hfxamiia occur free^living in both fresh and salt water and 
as ectozoic and endozoic associates of aquatic invertebrates 
and vertebrates living in both fresh and salt water, and also 
cndozoically in terrestrial vertebrates and invertebrates. A 
few of these are represented by Figs. 67 to 86. If we try to 
Select the species that are most alike morphologically, we 
they hai'e no parallel relation to the taxonomic 
relationships of the hosts. There is almost as much range of 
morphology among free-living freshwater species (Figs. S4-86) 
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as there is among the parasitic ones (Figs. 67-83). .Among 
the latter we may find several distinctive types of morphology 
in the same species of frog, for example, in Rana pipienx 
(Figs. 67, 72, 77, 80) and even in the same individual frog at 
different times. The species from the monkey (Fig. 79) most 
nearly resembles certain ones from frogs and turtles (Figs. 77, 
78). In. rats and mice there is one species in the csecum 
(Fig. 82) and another in the small intestine (Fig. 83). The 
one in the caecum, instead of showing resemblance to the one 
in the small intestine of the same host, more nearly resembles 
certain species in frogs, toads and salamanders (Figs. 80 and 
81). A species found on the outside of a marine fish (Fig. 73) 
more nearly resembles one from a milliped (Fig, 74) than it 
does the one from the inside of another marine fish (Fig. 69). 
Altogether, there is very little parallelism between the 
morphology of the endoaoic species of Hexamita and the 
taxonomy of their hosts. 

6. Halt Tolerance Jot Dx^erent Types oj Parasites 

As previously noted there are frequent examples of single 
species of parasite or of the species of a single genus invading 
a number of different hosts. Also the same kind of host may 
harbor a number of species belonging to the same genus of 
paras ite, F urthennor e, thesamespeclesofhost often harbors 
parasites representing widely different major groups of 
Protozoa. If the host, as representing a special and limited 
environment, were to produce any marked directive influence 
upon the evolution of species of parasite, then there should 
be more evidence of convergence in evolutionary trends in 
different groups of parasites than we actually find. 

Attention has already been called to the fact that rumi¬ 
nants not only harbor a surprisingly large number of species 
of ciliates belonging to the Family Ophryoscolecidae, but also 
ciliates belonging to other families and orders besides amoebae 
and fiagellates. Similarly, in the horse, in addition to 
numerous species and genera belonging to the oUgotrichous 
family, CycloposthlTd^, and the holotrichous family, Butsch- 
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liidffij there are many other kinds of dliatcs, and. severa[ 
species belonging to the Suctoria, besides amoebae and flagel- 
lates. Man is known to harbor some ^5 or more different 
species of protozoa (Hegner, 1928) representing all classes^ 
including about fourteen species of Mastigophora, sLs or 
more species of Sarcodina, four or more species of Sporozoa 
and one or more species of Ciliata, besides various metazoan 
parasites. 

In this connection it may be of interest to list the series 
of protozoan parasites that the writer has observed associated 
with a single species of frog, such as Rana damit&ns^ or 
Ji. pipiens. In addition to Trypanojotna (Mastigophoraj 
Protomonad id a) and H^smogngarma (Sporozoa, Coccidia) in 
the blood and Leptotheca (Sporozoa, Myxosporidia) in the 
tubules of the kidney, the following have been found in the 
large intestine of adults: Class Mastigophoraj Order Proto- 
monadida, Rktzomastixi Order Polymastigida, R^toTtamona^^ 
Ckitomaslixj Trimtiu^^ Karotom^rpha^ AfonocircomonaSj Afono- 
cfrcomonoid^j^ Trickomonas (two species), Ttfpo-^ 

mottaif ll^xamit^i (three or more species); Class Sarcodina, 
Order Amoeb^a, Endamwba^ Endolimax; Class Opalinata^ 
Class Eucillata, AyciGfkerus^ In the small intestine 
one finds one or more species of Eimeria (Sporozoa^ Coccidia), 
In the large intestine of tadpoles one also finds Eugl^naTno^pkn 
(Mastigophora, Eu glenoid id a) and In the small intestine, 
Giardia (Mastigophoraj Polymastigida), And to make the 
list more complete we may note that on the outside of tadpoles 
(Wenrich, 1924c) the following have been found: Class 
Mastigophora, Order Polyma&tigida, Cojtia; Class Eucillata, 
Order Holotrichlda, J?npkiUpijij; Order Perltrichida, Tn- 
^kodin^j Scypkididr^ GloisauUHj Rkabdostyla^ Op^rcularia and 
Forticflla. 

In some of these genera there are sev'eral species, often 
found living together without any obvious antagonism. The 
phenomenon of a single species of host harboring so many 
different kinds of parasites does not suggest that the host, as 


HOST-PARASITE RELATIONS 


637 


^ specific type of environment, has had a directive influence 
on the evolution of the parasites. 

IV\ Discijssiox 
Origin of th^ ^{ssociaud Habil 

It seems obvious that associated protozoa have developed 
from free-living ancestors. On the other hand, there is not 
much evidence that endozoic species hav^e developed from 
ectozoic ones* as has been suggested by various authors. As 
noted by Reynolds (1930) for example, these cctozoic forms 
are mostly primitive flagellates, peritrichous ciliates or 
suctoria. Only a few genera^ for example, Trichodina and 
Hfxamitdy contain both ectozoic and endozoic species. It 
seems more probable that the endozoic habit beganin most 
cases, with an adaptation to life in the digestive tract of the 
host; from there the parasites have spread to the blood and 
other tissues and organs. When one considers the vast 
numbers of free-living protozoa that must be taken in daily 
by higher animals with their food and drink, it is perhaps 
surprising that more of them have not been able to adapt 
themselves to an endozoic habitat. 

How does a free-living animal adapt itself to live within a 
host? If it succeeds in surviving in the new environment, 
we must assume either that it already possessed the physio¬ 
logical properties which enabled it to cope with the new 
conditions, that is to say that it exhibits preadaptatiou (see 
Goldschmidt, 1933), or else it would have to acquire such 
properties at the time that it was taken in. It is, of course, 
recognized that hosts vary within the species as to their 
resistance or tolerance to invasion and that the same individual 
host may vary from time to time in its powers of resistance. 
Adaptation to an endozoic existence involves more than the 
ability to withstand the digestive and other secretions of the 
host. The parasite must be able to nourish itself, grow, and 
multiply in the host and then it must succeed in getting 
transferred to other hosts, either of the same or other tolerant 
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species* The invasion of a new host may be coincident with 
some genetic change in either the host or the parasite which 
makes possible the new association. One wonders to what 
extent the successful invasion of an original host or the 
successful transfer to a new species of host must await such a 
conjunction of favorable mutations and the accident of being 
taken into a host. 

The associated habits once established, the spread from 
host to host reflects the principle of opportunism, just as does 
the geographic dispersal of most animals. Any species of 
parasite will, presumably, establish itself upon or within any 
kind of host in association with which it finds favorable 
conditions for survival- 


Host specificity 

There is no question as to the existence of a greater or 
less degree of rigidity in host-parasite relations, just as there 
are many free-^llving animals with highly limited habitats. 
The writer can go to his front lawn in the spring and pull up 
a dandeUon plant on the roots of which there will be a quantity 
of soil5 in this soil may be found an earthworm, and a Japanese 
beetle larva* If the intestines of these two animals be 
examined, it will be found that both contain a good deal of 
soil but mixed with the soil and intestinal fluid may be found 
a number of endozoic protozoa. However, in the earthworm 
there will commonly be found only ciliated j such as Plagiotoma, 
which is limited to earthworms, and astomatous forms such 
as Iloplttophrya (Figi 6), also limited to annelids. On the 
other hand, in the intestine of the beetle larv'^a, one may find, 
not cilJates, but amoebae and flagellates. The amcebse belong 
to the genera End^ma^ba and EndcHmax^ which have species 
in many other groups of hosts, including man. Among the 
flagellates are species of Polymastix^ Monocercomonas, Mono- 
ccrcomonoides and Retoriamonas. The genus Polymastix, is 
limited almost entirely to insect hosts, while the other genera 
have Species In many hosts, both vertebrates and inverto 
brates. The earthworm and beetle larva have obviously 
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ingested samptes of the same soi!^ jret each derives a totaHy 
different protozoan fauna therefrom. Thus the principle of 
limitation of host reUtions is e;iempJified. 

Host specificity may be thought of as primarily physio¬ 
logical in nature, since it represents an adaptive capacity of 
each species of parasite to maintain itself in the peculiar 
chemical and physical conditions provided by its own partic¬ 
ular species of host and an inability to reach or to maintain 
itself in environments provided by other species of possible 
hos ts * F u nda men tal 1 y all p hy s ioi ogica! c ha rac teris tics a re 
contingent upon the structural make-up of the individualj 
and hence adaptation must include morphological as well as 
physiological aspects. However, among simpler parasites, 
such as Endoltmax (Figs. 12-38), physioJogical differences, in 
the nature of specificity for different kinds of hosts, may exist 
without recognizable morphoJogical distinctions^ In such 
cases we may think of physiological varieties or species* 

For one species to be differentiated from another, however, 
it is necessary for each to hav^e persistent hereditary characters 
not possessed by the others* The physiological differences 
of physiological species must be hereditarily stable and may 
be the result of physiological mutations unaccompanied by 
visible morphological changes. On the other hand, when 
morphologically different species occur irt the same host, they 
must have some adaptive physiological characters in common, 
although they may differ in other respects, such as food 
habits. Thus Trichomonas batrachorum (Fig, 60) and T, 
augusia (Fig. 66) live side by side in the rectum of a frog or 
other amphibian, yet they have distinctly different food 
habits and they are strikingly different in morphology. Since 
the same species of frog may harbor in its digestive tract 
species belonging to a dozen different genera of fiagellates, 
two genera of amcebse and two or more genera of ciliates, it 
seems obvious that host specificity and special ion are not 
necessarily parallel (cf. Becker, 1933b). 
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j. Origin of Adaptive Structurej 

Some biobgists find it difficult to account for adaptive 
'structures upon the basis of the principles of mutation and 
natural aelectionj preferring a Lamarckian interpretation for 
the origin of such structures. Ho\v% for example, did the 
gregarine^ Actinocephaluj (Fig. 3) and the ciliate, Hoplitophrya 
(Fig. 6)^ gel the hooks by means of which they attach them¬ 
selves to their hosts? In the life history of the cephaline 
gregarines^ most of them enter the digestive tract of a new 
host as spores within which are minute spindle-shaped 
sporozoites. These sporozoites emerge and penetrate into 
cells of the host without any spines or hooks or other evidence 
of attaching structures. As they grow to be too large to be 
accommodated in the host cells, they protrude into the cavity 
and develop the epimerites or hold-fasts. But there are many 
different kinds of hold-fasts, the various families, genera and 
species being differentiated from each other, in part, at least, 
by the character of this structure. Some of these epimerites 
are simple knobs that appear to be just as useful to their 
possessors as are the very elaborate ones possessed by others. 
Furthermore, many gregarlnes, especially the non-septate 
forms, have no epimerites, yet are highly successful in main¬ 
taining themselves. With regard to Hoplitophrya^ It is 
interesting that species of the related genus, Anoplophryap 
also living in the Intestines of earthworms, have no hooks at 
all, yet they appear to be equally successful in surviving. 
It therefore appears that, while many of these apparently 
adaptational structures would seem to be highly useful to the 
animals that possess them, nearly related forms can get along 
without them* Such specialized siructures as hooks for 
attachment to a host were probably not present in the 
ancestral forms which succeeded in entering and maintaining 
themselves in a host. They arc the products of evolutionary 
change. Are they, then, produced by the effects of use and 
disuse, or of the needs of the parasites, or are they the result 
of mutational changes which have persisted because of their 
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adaptational advantages? From what we know of the origin 
of inheritable variations in other animals, it would seem more 
reasonable to assume that such structures have arisen as 
mutations rather than through any Lamarckian influences. 
Such a conclusion would be in harmony with the suggestions 
made by such recent writers on the subject of evolution as 
Metcalf (1928)^ Kofoid (1930), Davenport (1930), Morgan 
(1932), Haldane (1932), Goldschmidt (*933) and Conklin 

(1934)' 

It has frequently been pointed out in this paper that the 
same species of parasite or verj- nearly related species of 
parasite may live in a number of different kinds of hosts, 
sometimes in hosts which are laxonomically far apart. Also 
that the same species of host may harbor a number of species 
of the same genus of parasite. These facts suggest that the 
origin of species is not primarily due to changes of an adapta- 
tional character, induced by the host environment, in a 
Lamarckian sense, but that morphological and physiological 
mutations take place from time to time and thus provide the 
material upon which natural selection would work. In the 
case of any of these mutations, it may be assumed that they 
may appear either ^‘spontaneously,” that is without known 
causes, or may be stimulated by some definite environmental 
agency, and that natural selection would determine their 
sur^dval value. 

V". Summary 

1. The protozoa, as the oldest phylum of animals, have 
had a longer time than any other phylum in which to undergo 
evolution within the group and to invade all possible environ¬ 
ments. 

2. The wide-spread distribution of the protozoa has pro¬ 
vided extensive opportunities for them to attach themselves 
to and to be taken into the bodies of other animals. Those 
with appropriate characteristics could become ectozolc or 
endozoic associates. 

3. The parasitic habit has been successfully assumed by 
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in any different kinds of protozoa. Nearly ever)-' order con¬ 
tains some parasitic members and some entire generat families, 
orders and even entire classes (Sporozoa and Opalinata) are 
now parasitic. 

4. Among the associated protozoa we find every gradation 
from early stages of factjliative invasion of hosts to highly 
modified forms with rigid host specificity. At one extreme 
we have free-living forms capable of living endozoically for a 
time when opportunity affords {M^noidiuvt sp- and Euglffin 
gracUis In the milliped). Next in order are species that ha\^e 
become definitely endozoic but are only slightly different from 
their nearest free-living relatives (Eugle^^ UucopSy £uglrn< 2 - 
moTpkd h^gneri; species of Al^topus^ etc^, in sea urchins ; species 
of Ihxamita). At the other extreme are the highly evolved 
gregarines and astomatous ciliates with especially adapted 
structures for attachment to the host and a high degree of 
host specificity. Between these extremes can be found 
practically ever}" possible degree of host-parasite relation. 

There are many interesting contrasts^ even among 
closely related groups. The gregarines are limited to the 
Invertebrates and lower chordates while the nearly related 
Coccidla are found in all classes of vertebrates and in many 
of the invertebrate phyla. Within the Coccidia the genus 
W^nyomUa is thus far represented by a single species in one 
reptilian host while the genus Eim^ria has had azo species 
assigned to it from all classes of vertebrates and from some 
invertebrateSp Members of the genus Giardia are limited to 
vertebrates and show a high degree of host specificity^ while 
the species of the nearly related genuSj Hexanuta, are found 
in nearly all possible environments^ including both fresh and 
salt w'ater, and located upon or within animals belonging to 
many different phyla and they show much less host specificity. 

6. Evolution of species has been cxtensi\"e in some groups 
and slight in others. Extensive evolution of species has taken 
place in the ciliate Family Ophryoscolecidae in the ruminants 
and in the Cyclopostlmdsc in the Equidse; the polymasligote 
and hyperniastigote flagellates hai^e undergone extensive 
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evolution of genera and species in the termites and wood 
roaches; the Trypanosomatids hax^e not only evolved a great 
many species but they have spread to a large number of 
differentktndsofhosts. Bycontrast, apparentlylittlechange 
has taken place since the endozoic habit was established in 
such groups as the endozoic cuglenoids and certain of the 
ciliates found in sea urchins. 

In many groups of parasitic protozoa there is little 
parallelism between the evolution of species of parasite and 
evolution of species of host, as for example, among the 
endozoic amoebae, the trypanosomes and the trichomonad 
flagellates. 

8. In some groups of protozoa there seems to be a great 
deal of host specificity without corresponding recognizable 
morphological differences. In such cases the idea of physio¬ 
logical varieties or species may be justifiable, 

9. The evidence presented Indicates (i) that in many cases 
the same or nearly related species have invaded many hosts 
belonging to w'idely different taxonomic groups; (2) that a 
number of species of the same genus may be found in the 
same species of host and (3} that one species of host may 
harbor many species of parasites belonging to widely different 
groups. Such evidence does not suggest that the host, as a 
specific type of environment, has had a directive influence 
upon the evolution of species of parasite in a Lamarckian 
sense. Rather, the evidence points to a mutational origin of 
new c haraciers, both the physiological (without visible 
morphological accompaniments) and the visibly morpho¬ 
logical, Mutations may result from definite environmental 
stimuli and natural selection would determine their survival 
value. 
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VIU EXFUNATION OF FIGURES 

Un!c» stated drawings haTe been made tbc writer imrcv hji own 

collect!wi of prepared sJides. MagoidcatEoriB are indicated for eadi drawing or platc^t 
bated upon oneiad reduetbn from tlie ori^iDal drmwioga^ 

Plate 1 

Fic- oUmdeArri, a dlaporic mjrecHpondian frofn die Eddiiey of the 

frogp Raflfl pipUnj (X tjoo).. 

FiCh Z. AWeoid aplsf 1 lUiemapqndiaiit the hdqey bee* a. Part of cron 
sectiem of bee'^a aiamach; aiippEed areas apciT^ (X Jo)+ A siflfle spore 

(X 3000 ). 

Fio. 3. j^dtrtsc^pkaliff ditjarJin i\ cephaUne g'regirine from Inu^tlnc of centipede^ 
LirAe^iiiLr ip. (X 500}. 

Fio. 4. Eimma Taxious Id epliheHal la^-er la the Liver of a rabbit 
(X ioo)* 

Fic# 5# ap^ froni tree Hyh diwra (X Sch). An appartody iden¬ 

tical ipeel» waa found in a Cuban tree boa, TfOp^epAtJ Mr/rTNUflci. 

Fic. 6. Hopiiiapkrya luTnbnci (f)| aatomatoue ciliite from mteitlne of an earth- 
worm {X St»). 

Fig. 7. .^mpftiCrprur cILiate on gilla of frog tadpoles. Note par^ 

tially ingetled mais of gill cclla {X foo). {After Wcnjfcdi,^ Fig, E I#) 

Fic# S, Nyefothfw Pfkx, from inteiLLne of the mlUlp^ na/finffilnr 

(X SOQ). 

Fic- g«. BaiAnttditim jp. from a dbimpanwe newly atrived from Africa (X 51x1)- 

Fic. 10. Diplodinium from ftomsch of domefltic oa (x goo)- 

Fic. 11. Cyrfbpe/P^tuifl remprerjicn^ from cscum of rodent, Hydrockanii capy- 
*4X4 (X soo). (From matennl coliected in Panama by Dr. R. AL Stabler.) 

Plate If 

(All hgurei X igco) 

FiCr ta, rtd^d^ tiopbo^oitep from man, 

FiOh 13* r4rkr^ tropboroiie, fnam guinea pig, 

Fic. 14. EnduUmm faB4fan^ trophowite, from fiog. Ram pfpimr 

Fic. 15. EndoIimoM blattarumf iropbcnoitep from cockroacbp Pfriplaniia amtr~ 
irdttj. 

Fig, 1^. End^ilmax tp., tropboffioitep from mlltlped, ^pim^^trr mur^nalui. 

F iC. 17. Endolmax ip^ impbowlte^r ff^ni crane-Hy larva. (From slide prepared 
by Dr, Q. At. Gcim&n^) 

Fic. 18. Ej^oEmax ip,^ trophoaoite, from Japanese bcoile larva. 

Fig. ig. DvtUdrmzhit ffaiilii^ trophosoitep from man. 

Fto. 30 . Dkniam^ta troplumiitep from monkey. {After Hegner and 

Chu* 1930^ Fig^ 10.) 

Fios. II and 21, lodancf^a buiseki^, tropbowEte and cy£4 from man. 

FiCr 13, /nddiTHT^a h^chJitf tropbcEEoltep from chimpanzee. 

Fig# 14# iodam^ta butisAln^ cyst* from monkey^ ifui. 

Fjcs- %S and jd, htti^yitca^ trophozoite and cyst, from man. 

Fica. 17 and 2B. Endamixha kisiolytua (?)^ tropbozolte and cyst, from Norway 
rat# 

FlCS. 29 and 30. Endamopba rnnexuitt, uopboaoiK and mt from frogp Rans 

Figs. 31 and 33, Endamaba ip.a imphozche and cyit, from young diamond- 
back turtle. ^ 


i 


HOST-PARASITE RELATIONS 


649 


Fica. 33 And 34, MTtdamxM tkomjonij tropluMcSie and cyst, from cockrpach^ 

PffipiitHrta dJiwTtrtfJw. 

FiC^ 3S- mikcAikiV trapHd^oiWp from oraiie-njr IsrvSi (rfom alKte 

prcpsTcd by Dr+ Q. M. GcimanJ 

Fij, 36. ^w/nHirid ftp., trophozoiK, from JapiMM b«tk larva. 

Fjgs, 37 and 3&. tropboEOite and cyst from man. 

Fics. and 40. JnefciiMfia warur, tropbwitc and cyit, from Korway rat. 


Plate III 
(All fibres X sooo) 

Fig, 4^. £af/«i^wtorpAa [rom intcstiins of frog tadpob. 

FiC. 45. JbfNfft, iritli some of dbartcten of £. 

Fig. 43. pfUuddu^ colorl-esa ftpcclfti with sii flagtUa, {Fijurei 

4ls 43^ and 43 from same slide,) 

Fm. 44. Ttyf^nQJoma ap., Uom blood of frotg, aurora drayt«JBi. 

Fig. 4 S. TVypawomrwa gamhUns^, cause of A^can ilHpiiif sickfi«i b man. 

Fic*46- Jf^rpfUrmonaj (Phytomon/u) hantrofiit froni latex of dgi fuits 
(From slide by Dr. F* Q+ Holmei.) 

Fig, 47. BfrpitQm^naj siujcarurt, from inimine of house fly. 

Fig. +8. irtjAwanm ddnocwii, cause oJ kala Mar in man, flagclUte aiagc from 
culture. (Commercial slide.) 

Frc. 49u Ijijhmanio ^flJKwunf, aflsgellate stages in endothelial ocH of human 
spleen, 

Fic. SO. Ciordiii inieffr, from aniatl btestinc of Norway 

Fic. 51. Triikomonaj Urmilidu from termite. (From tlide prepared by Dr+ 
Mlsao Tauabe.) ^ ^ , 

Fic, SS. B^hmarngotii ftp.p, bypermaitigotc flagcllaie from Pftiadi$frmeiJtaDip/T. 
(From slide prepared by Dr, R. Kt- Stabler.) 


PuiTa IV 
(All figures X iM) 

Friril&ffto Kffir tlo^ngaUif from human mooth. i 

rnVk^mnnf!/ v^igiiudir, from human vagina, 

r™rJbjB43Mj fO^UHi^p from crop of pigeon. (After Ogumap 1931, 

JriVitoinofle/ Aciuintr, from intestine of man, 

Truhtym^tLf haminij {^), from caKum of Norway rat. 

Truk^omif kominif (?), from int«iine of rbcsui monkey. 

Trif^cnion^ /cen/iTp from mteitine of man. 

Tri^k&mon^ bairatk^Tumf from incestine of ftog^. 

FrifAcmimwJ ap-i. from cecum of Norway rat, 

TricAiJflfeiwu" wurLT, from cKcum of Norway rat. 
rrfrJ^oRur ip., from btesttne of rheftUft monkey. 

JrtcibMe«flr/friar, from vagina of domratje cow. 

Trichmi^tiat emur^ from aocum of gumea pig. 

TVifAewanuj augujUij from intestine of frt^t pipirns. 


Fig. si. 
Fio. 14 
Fig. SS- 

Fig. 4 ) 

Fig. 5^. 
Fic. 57. 
Fig. 5I, 
Fic. 59- 
Fig. 6 a 
Fig. 61. 
Fio. 6x* 
Fig. 63, 
Fic. 64 
Fig. 65. 
Fig. 66 . 
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PuiTC V 

{All Agum X iOOfl) 

FiC. 67+ HMmilA itttfjUnaiij (?), frajn micstiAC oi frof, pipim. 

Fic. 6S. Hfxamita infrmn<tiit from mtefixiafr &f frotg^ R. pipuni. 

Fic. 69. Bp,p from iniminc of marfae fiib^ Bax Mpi. (From aWdt 

made ID Napln by Mr. P. B, A. Powere.) 

Fig. to. H/xamk& Ap.^ from inuatinc of erkbei frog, Acfii 

Fig. 71. Hixamua tp.* from IqicaiiDD of Batamsmder, Dt^m^sKjuk uj ip. 

Fig. 71. Htximm in>e)p from intestine of frogi jSaKd pipiW. 

Fic. 73. Iftxamita sp.* from flkm of mariu fish, F^nduluj k^urailUits. 

FiO. 74. Htxarnim sp.^ from mtOBtine of miUlped, Spiroholus sn^^fiiuii'ar. 

FiO. 75^ Htxtimija ittUraliSf from ioteitlae of craot-fly lann^ (From slide pne- 
pared by Dr. Q. NL Gelmu.) 

Fig. 76. H^xamua. ptfiplangUe^ from intestine of oootroich* PifiphntM sivpi^ 

rditd. 

Fig. 77- HixsmiUi hair^iiQTvm (fkiAm^ix A.) from latestioc of Rtin^ 

pipkni, 

Fio^ 7^^ H^xamiia par^d iOsmjr^dJtix p.), from intntiiK of yonng ^fpomoruf^iiri 
turtle. 

Fig. 79. H^amttd ptiluci (?}, from inicaiise of rh»tis monkey^ 

Fig. So. H^xamita sp. tj'pe), from intestine of frogp Rana pipunj. 

Fig, &i- Htxamiid sp+ {OwemiiM/ lype)* from intestine of salaoiADderp Dtimo^- 
njithtu ep. 

Fjc^ &£- Hrxitmiiit pu/r^eir, from tzOudl of hoDSe mouse- 
Fjo. 85, Hexdmiid fflurLT^ from small latestine ai house mouse. 

Fig. 84. H^xatnilA sp.p from foul dlceh vraier. 

Fig. I^. Hfxdmitd sp.p from outside of dead freshT?aur srtaiL 
Fig. G6i. Nrxdmkd rostroid (?)| from outside of dead fresh water snaild 
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Oir THE INTERPRETATION AND DATING OF THE SITE 
OF "BELO BRDO” AT VINCA IN YUGOSLAVIA 

VLADIMIR J. FEWEES 

In his recent publication, Professor M, M* V^asic, the 
excavator of the famous site of ‘*Belo Brdo” at Vinga, near 
Belgrade, Yugoslavia, declares: , Vinfa a ete fondee 

comme une colonie lonienne , - * a existe, sans interruptions, 
jusqu’a I’arrivee des Romains dans cette region, cn I’annee 6 
aprcs J. Chr. It faut supposer que la fondation de \'in2a eut 
Heu aux environs de Tannee 600 av- J. Chr.’* ‘ This view 
represents the most radical departure from the course previ¬ 
ously followed by the distinguished author. It should mark 
the terminus post quem^ as it were, in his long and varied 
record of dating and interpreting Vinfa, for, as he maintains, 
there are no Roman remains at the site.- For practically thirty 
years, and especially so during the last decade, Vinfa has been 
the chief concern of Professor Vasic’s tabors. There have been 
many interruptions in his active field work, all totally out of 
his control, and the excavations arc not yet finished. How¬ 
ever the record of his datings and general interpretations of 
the site present a unique phenomenon. Considered in the 
chronological order of their appearance, the major features 
may be tabulated as follows: 

1905; “The larger portion of the culture deposits (i.r. in 
vertical distribution) of Vinfa belongs to the metal 
epochs,”* the site is “younger than iiarSiJa” * and 
may, on the whole, be dated ^'from the end of the 
Neolithic to the so-called Hallstatt period.” * 

* “ ColociJ greu? a UrsFUf itj I PP+ 

JCt and 71. cited ai /. E. BJ) 

^ /j etc. (Beos^rad, P- 97- (JTcwfter 

* Srpstt Kfdj/Cjki- XJX (1905), p* (Hemfirt CthftJ.) 

* Ihid., p. s 62 . 

pp. 2&Z-}. 
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1906: “Viiii!a belongs to tKe Neolithic Age . . . and is 
younger than Carsija and Mali Drum,^* * (This is the 
only instance of so early a dating.) 

1906: . sites of the Bronze Age, such as VinCa . . ^ 

and further "... in the main V'infa must be dated 
as of the Metal Age. '* * 

[907: VinCa corresponds to oldest Troy and is to be dated 
“ vom Ende der Steinzeit bis zum Anfang der Eisenzeit, 
wen nicht noch viel welter herunter.” * 

1908: “The date of Vinifa falls between the beginning of 
Troy II and the end of Troy VII/’ » 

1911: As “metallzeitlich , , , ist , . . ViniSa nach dem 
Anfang von Troja II bis viellcicht zum Ende der 
La^Tenczeii zu datieren.” 

1930: . exclusively economic and commercial connec¬ 

tions with the Southeast, and not colonization, help 
us to explain the dating of the beginning of Vinifa after 
the commencement of Troy II.” “ 

1932: "The culture deposit at ViniSa, 10.5 m. thick, is 
divisible, on the basis of characteristic differences, into 
thinner levels corresponding to shorter periods of time 
within the interval of from about 1600 b.c. to about 
6 A.D.“ . . , The colonists who founded VinCa came 
from the Cyclades “ at the beginning of the Late 
Cycladic (L. C.) or Late Minoan (L. M.) period . 
Geographic and other factors (t.f. ores) strongly suggest 
that Vinfa controlled the shipping and commerce of 
the Middle Danube, and so the trade directed towards 
the jEgean.^^ . . . The hyperboreal myth is not as 

*GlAi Srpskt Kraijerskf Akodtviiirt LXX (1906^, pp. 165-6. (HerrafMr Cfor.) 

’ Sldrtiidr, n-r-g. 1, j((po6), p. 54, fHcirafter SMr.) 

* Ip z (190^)^ p. 1^ 

* X (1907)1 P- 

{t9^)pp. 160. 

“ FrAiitoriiche ZfUtthifi, 111, [/i ([911), p. n?. (Hereafter P. Z.} 

** Ibid.j p, 131. 

^ XXX (1950)^ p. 2O0. 

ihid.t p. I4J9L 

^ p. 150. 

p, 151. 
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legendary as is thought»^* . < . Starting from the 
iilgean and the Cyclades, the .-Egean culture ended its 
missionary role in the Danube Valley in the Late 
Minoan time (L. M.)." 

1932; Vinl!a is reiterated as a Cycladic colony, which was 
founded in the M. \L II-III time.*® 

1934: As cited at the outset of this paper, Vinfa is held to be 
an Ionian colony.*' 

Barring the single instance of Neolithic dating, Vasic’s 
interpretations fall within three periods. In the first, Vinca 
represents a heritage of Troy II which is not to be explained 
by colonization. This "vdew prevails in V'asic’s writing up to 
and inclusive of 1930. It must be pointed out, however, that 
the last article of this period was written before the field 
campaign of 1930 was closed.** There were no excavations 
at Vinfa during the season of 1932. The second period, in 
which Vinl^a is an iEgean, or more specifically a Cycladic, 
colony is one of a brief duration. The book expounding this 
thesis *® is a learned discourse in which the author treats of 
many and varied aspects involving much in the realm of 
speculative theories and hypotheses.*' In the main, his object 
is to show that V^'inEa was a mining post concerned with the 
exploitation of cinnabar and ores which are to be found 
1* /sy. 

p - 132. 

^ a/ Prtkiif. aiui Profohbt. Scvnfff P- 

** It it of mtereit lo note that on a previout occ^iort wratc abemt ^ inti u- 
cncea of Ionian ^lonletp and of Greece in titea of the iuio Brdo tyyc ind iLoiep** 
ijf. hit Iron Age (in reality advanced BtoiUie Age), cL Star.^ (1910)^ pp. 51 Sr, 

and cspociallif p. 

” Man, p. i97x 

A'./. 

r. / hu the following conunti: L Cinnabar industry” At pp. 1-12 j 

Cbameiics fit VinSfiT PF' ^ 5 ^+! Kew ^spe^tj for the datbg of Viafa, pp. 

IVp CbncluiiiLocvfi: t. The culture dcpositit i&i; 2- Houmh and grfivefip pp. loi-i; 
3. GeneFal chfifficter qf the objeetK found^ pp. 4. The i* the intennediaiy 

between Ylni^^a aod other cultural legions^ pp. iD3;-4i 5. Mining wealth in the hJntedaud 
of Vlnfa^ p. itS4J 6 . The cobny^ ind the colon iiUp co»metieSp economic bonda between 
VinSa and the jEgeicitp pp. 105-^; 7 - The minen and the cthnk problem, pp. 

8. Religion at Vin£fip tocial and political oTganiwion^ pp. iq®- 9S^ 9. New problenu 
find perspective* in prehistory^ pp, Addendum: 1 . Idol* with perforfttioQt In 

prehiEtoric rel igion, pp. [ 1 3^40; 11 . \^n£a and the hyperboreal mythp pp. 14}'^ 15Z, 
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nearbyThe third stage—the final is yet to be elabo¬ 
rated. Perhaps the forthcoming volume II of Preistoripka 
already announced to be in the pressj®* will have 
accomplished this. 

h is convenient at this point to consider the nature of the 
site at Vin^a* TraditionaJly known as "^^Belo BrdOj” it is 
situated upon the kft bank of the Danube, approximately 
15 km* eastward of Belgrade. An indeterniinate portion of 
the station had been eroded by the waters of the Danube* 
At this point the channel of the river, as suggested by the 
position of the site of *^Grad” at StarEcvoon the opposite 
bank, appears to have been about the same as today. At 
VinEa, the height of the bank above the mean water level is 
some 12 m., and the rise which marks the site measured 6 m, 
to 8 m. in 190S*®® Inasmuch as the culture bearing deposits 
range to the depth of 10.5 m, from the present ground level, 
it would seem that the elevation afforded natural protection 
from seasonal inundations even at the very beginning of the 
first settle men t.'^^ As the debris subsequently accumulated^ 
this advantage was automatically increased- 

The site rests upon a loess foundation which, prior to the 
primeval occupation, was covered by a layer of humus some 
0*5 m* thkk**^ The quarternary formation is superimposed 
upon duviatile sands. The lower limits of the culture bearing 
deposits, represented by circular or ova] pits (bolhroi^ or 
Wohngrnbifn cut through the aboriginal humus ^one into 
the loess, are sharply delineated and can be followed with 
precision* Below this level, however, the ground is arch^o- 

** at “ Supija Stcha/* som-e 16 km. 10 die aa-iithwc^s of Vinia: cf- pp- 4 

» R- L Er p. es- 

Cf- Vael'tfp M, Mrp Smr. (1906)^ Uf^rf p. 90. The name means WTiilje Hll]. 

” CL Fewkesj V+ J*, Gdtiimanj H*, and Ehrlch^ R. W.^ Juif. Jauruart 
Prfhisiuru:- Rfsearch No. ^ (1935)^ p. 35. (Hereafter BulL J. S. P, RJ 

^RZ.JI.p.13. 

-P. F. 

^ CL SfJir. (19^) k p- 90. 

"P. Z., 

“ p Jit n Erii^ Sihoitl HI X I V (1907-8), p, 319, CH-crcaCter B. S. 

" P* Z-p tiifi/.p p. ^6, 
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logically sterile.^ Viewed from the Danube, the silhouette: 
profile of “Belo Brdo’* forms a cun-e which begins on the 
right hand side of the observer, rises gradually and progres¬ 
sively to produce a somewhat flattened summit, and then 
drops gently toward the opposite side. A similar outline, 
although necessarily an incomplete one, is to be seen from the 
direction of the east and also the northeast.®* 

The culture deposits of Vin^a are iO.5 m. deep from the 
present surface leveL®^ This measurement, apparently, is 
inclusive of the modem humus zone. In one instance only, 
that of the tomb with a “dromos’* passage,** was this depth 
exceeded by 0.9 m,*® The level characterized by culture pits 
constitutes the lowest niveau of the site, beginning at 9.1 m.,*“ 
at which plane the contours of these foundations of semi¬ 
subterranean dwellings stand in clear contrast to the yellow 
Ioess.“ The pits contain debris, ashes, cultural material, 
animal bones, etc.*® Structurally, they are of the same 
character as those found in other Neolithic sites not only in 
this area, but Virtually throughout the continent.** .Above 

■ Thfl tiray m-ammoth tooth rcpDricci frtmi cf. KaaitE, F.., Das Konigrfich 

clCrp [ p. 192, ii not 10 b* ■with, tlit site unticr gqh- 

al 4 eraciDn+ 

•< The eitcRt of the site wiihicL the present bant. Uteri! ly with the coune of the 
Danube, his not* ippiteatly^ been wcertained yct+ At any raw, there h no record 
or it in the VioCa publlcixlon^ up to date, Ho^Tverp V'aiS^ refers to the dcpoiits ts & 
** tc^LfomiE^ Erhohtin^ (Tdl?) von ungefahr 55,000 crhaltcncr Obcrflachc'^ 

^ P. If pOffim., and especially p. 97. 

Ibid., p, The d] SCO very of this tomb led Vasi^ to conclude; (1) that the 

Ui^gt number of bjppiriCiei iod the frequent stray Ends of hutuan skull fragments prove 
that the people of Vifica buried immediately in the tCLdement; (2) that ” numerous 
and hcterageneoias siAtuettei Tirere pUced abn^GEde the corpse'' {F+ F. /, p. 17)* 
No furniture was found lit the tomb with the *^dfomos," which contained nine skel¬ 
etons. Apparentlvp the sepulcher was lutacLr Vasi£ mentions the renmantH of 
wooden superstructure {iV. rooEag^ cf. up. nt., p. t 03 )x places the grave chfiano- 
logically and stTatlj^aphically in the same period of time at the culture pita "" {ibid.], 
Howeverp more recently Vxnl adt^ances the view that the lOiemienta In the settlement 
at ^Inn^ were cinenEy (cf. R. /. E. 1 , p^ 69). 

" P. F. 4 p. 102, 

•• All vertical meaanrcmcntH used here muit be understood as taken from the mto 
point established by the eiiiavafor in igoSp and coinciding with the othenviie applied 
** present surface^'' 

^ Opr di., p, lot. 

" They ircp of courie^ not restrIctKl to the Neolithic Age abne. 
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the pit level, remnants of rectangular dwellings begin, and 
continue as individual units through the rest of the deposits 
upward. The first named structures may be called huts, and 
the latter houses. No upper limit of the vertical distribution 
of the houses is given by Vasic, who, however, does speak of 
one ejcample as high as 2 m. from his horizontal zero point. 
The strati graphically deepest occurrences of such structures 
were recorded at as much as 9.3 m.** It is not stated whether 
in these particular instances the foundations rested upon the 
loess or the pit level. The tectonic contrast between the hut 
which depended upon a rounded or oval sub-pit defining its 
originally semi-subterranean nature, and the house, is con¬ 
siderable. The pit type may be likened to the hogan of the 
Navaho tribe of the North American Southwest. At VinCa, 
the wattle and daub principle was applied insofar as the 
superstructure was concerned. The bouses, on the other 
hand, were of rectangular ground plan, with walls constructed 
of posts, onto which, both inside and outside, clay plaster 
was attached, the whole wait attaining the probable thickness 
of 0.15 m. to 0.3 m.^* Artificially prepared floors of a more 
or less level plane were an important feature. Yet, subsidiary 
pits were sometimes utilized either within the houses or in a 
close association with them.*^ The remains of these houses, 
as they have been preserved in the deposits subsequent to 
their collapse, resemble the plosiadki of the Black Karth belt. 
Typologically, there is a marked difference between the two 
types of dwellings at VinCa. However, the deposits within 
which both occur, that is “die untcren Strata dieser Schicht 
bis zur ihrer Hohe von 4,5 wi* sind als eln mehr oder w'eniger 
einheitliches Ganze zu betrachten” and “ as other remains 
prove, the change in the form of the ground plan took place 
gradually.” 

^Opr Pr to; cf. ten 6 oq p. it, i^id. In iJic same wart plans o( Other 
boiisa appear \n t L 7,1 (p. 117 (p. 14); sn J plai«i Ill-Vlll sImjw phj&tijsraphj of 
expoKd honECB. 

^ p. 101. 

" pr 10. 

Pli, n, VII, and VITL 

P . Z ,, 111, p, 119. 
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Thi^ 4.5 m. thick*ess of the lower levels up to the 
5,5 horizon below the ground zero line), Childe condders 
to represent his (Neolithic) VinCa In Menghinconcep¬ 
tion “die alteste Kullur von VinSa,” again (Neolithic) Vin^a I, 
“kann etwa von der Basis bis 5.6 m. angesetzt werden, wo 
die erste Spiralmnster beginnen/^ And in the same sense^ 
Nestor has subsequently applied the equation “VInCa I 
— Turdas I-Kultur.”^* Childers ViniSa II deposits, still Neo¬ 
lithic, superimposed over the 5.5 m. level and amounting in 
thickness to 1.5 reach as high as 4 m. below the surface.^ 
Menghin also recognizes (Neolithic) Vin^^a II, but gives no 
specific limit to its vertical termination.^ According to 
Childe's interpretation, the appearance of Bronze Age ware 
begins at the level of 4 m. below the surface.^ This delinea¬ 
tion is, of course, a provisional one, and not without an 
arbitrary" stigma^ it may, howe^^er, be accepted p^r espe¬ 
cially since the excavator himself offers no direct data on 
this point. Indeed, none of V'asic^s writings which deal with 
Vinta, contain any schemes comparable to those just men¬ 
tioned* Occasionally, a reference Is made by him to *Mower, 
middle, and upper strata,” but none of these instances can 
be taken in the sense of the “chronological trinity*^ with 
which one meets all too frequently* It is In one publication 
only that Vasic speaks of “thinner levels.”*' Certainly^ 
Vasi^ has consistently abstained from applying the often 
convenient, but not alw^ays unambiguous, system of a nu¬ 
merical division of strata. On the other hand, his general 
interpretation, and specifically his erratic datings, inevitably 
benefited by freedom from a classificatory stratigraphic 
differentiation. 

Tk£ Danuhi in PrfhUtQry (Oxford, 1529), p- (Htrtafier 
fPdtifjMtku dfr (Wica, 353 - (Hcpeafwr fVfii£ft€kkhu.} 

Cfr, howeverp 11 , p. 311 “ Pic Spi raJe k&m for in eJer Ti#fc von 5 bh wij' 

FtrUh (193^)1 pp. 33 ff. (Cl.p hoHTVcrj tbc amhar^a CftuEtcHU 

rcDULrl; |q r^fi^pect to tke duit division of Vi n^p L f.p p. 35 -) 

** Dunuhtf ibU.y p. 37. (Cf. howev^fp p, 65, nate I, fbrCHildc'a uneic-ruidty.] 
ff Wige'Jckkhiff pp. 353-4: “ Vinfa II ftel]c jeh bcic‘it;i iti dtii bandbenmitcbm 
KuItutvr.’* 

**Z>dnfc^/p 

“ B. Sr 4^^ poFnm. 

y./:p. 
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Among the students of Danubian archajology a concensus 
of opinion prevails which accepts VinCa, at least insofar as its 
deposits below the 5.5 m. level from the present surface are 
concerned, as representing the oldest Neolithic development 
at the site.** Of the Yugoslav specialists, it is Grbic who 
compares certain Neolithic or *‘Eneolithic” finds from the 
Morava V'alley area with Vinfa.** Whether or not it is 
permissible to distinguish Neolithic VinCa I and II strali- 
graphically before its excavator has presented a full description 
of the deposits and an exhaustive analysis of the material, is, 
of course, open to conjecture. The demarcation line between 
the two, must, necessarily, be an arbitrary one as long as it is 
conceived to coincide with the level of 5.5 m. (or 5.6 m.) 
below the surface. In a settlement in which successive 
occupation is documented by a layer of deposits 10,5 m. thick, 
and in which the erection of houses above .the oldest pits 
inevitably produced fluctuation in the horizontal planes, 
complicated stratigraphic conditions are the rule. At Vinja, 
the termini of the recognizable levels are defined sharply only 
in the cases of the individual pits and houses. While these 
should be horizontally alignable into “occupational floors or 
niveaus,” the excavations up to date have not established 
such a phenomenon. Thus far, V’asic has not presented a 
comprehensive account of all the structural features, the 
number of dwellings which he e.<cavated, nor their horizontal 
and stratigraphic distributions.*® Yet, from his preliminary 
reports, others have conjured up VinCa 1 and Vin< 5 a II.** 
“The culture of V’inCa II,” holds Childe, “is largely a 
continuation of that of V^inCa 1 .” ** And Menghin places 

FffinkCcsrt (Swdift, 11 [ 1927] )t Cbilclr J, 

ibid.). Thcr? M either ciLAble too DumEmua to cxfaaiut here. 

** /jf. tluflit or LipovjiCp d. GodiSrf XXXIX (1930)* p. 197* and “ PbCnik^^* d. hh 
FloinUt, etcr., (Beograd, 1929), p, iS^ as well si thoie of iho uii«Kcavitcd site at Rflnik 
Rraguicvafki, near XnguicvAc (personal inbnrution, leafion 1931)- For Grbb'i 
revirw of P* F, /, cf . Sjitr., 3 rd *cr^ 8/9 {1933-34}, PP- 3 

A cliart showing the profile moated hy the cxxavatloai of 190B appean in P- Z.p 
II, pL 7^ Fig. Sf and PEgi. £■ and c, on the same platc^ iLiuitntc the g^tound pbo and 
iettion of the plu found during that season. Cf. also oore 37* supra^ Thew^ however^ 
do not cover tile tOlaL 

The chief sourte was found in P, Z., I I and 111 . 

“ Danuhf^ p. 63. 
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Vinfa I within his “oatmediterrane Dorfkuhur” or “Kreis.” ** 
Admitting that such a placement “erscheint ein Wagnis’^ ” 
the author is nevertheless convinced that alongside other 
cultural affinities, V'inSa stands “wcitaus am nahsten” to the 
East Mediterranean.® Menghin’s V'infa II, as we have 
seen,®* belongs to the “bandkcramischen Kulturen,” and 
more specifically to the “scrbische oder Jablanicagruppe” ** 
as a part of his “sudbandkeramische Kultur.” ®* 

Truly, the bulk of the material found at Vinfa has not 
been completely analyzed and published by the excavator as 
yet. Nor are his field explorations completed. VasiPs 
account of the finds at VinSa which antedate his first campaign 
at the site in 1908 and his writings since that time 
certainly have not presented an exhaustive study. There is, 
in reality, no thorough account of the pottery. While it is 
true that only a portion of the site has been excavated thus 
far, and that the exploration continues, the section as estab¬ 
lished by the end of the season of 1931 equaled 12,600 cubic 
meters.” This should have afforded ample sampling with 
which to present a system of at least the ceramic development. 

« IbU. 

Note 54, 

"Pp. ci:., pp. jjj-4, and 36^ IT. 

“ p. 3.71. 

** 

LXX, pp- 163 {dealing with collected irtATerla! frtjm Vmti 

whkh WAi tendered to tiic Nattonsil Museum at Bcl^^dei the tiie h camp^red there 
with '"Mali Drum/' “Kremen^e Njivep*" and “Jablaciica'l; Si^r. 

(1906), pp. ■89-’117 (dc'^’iDted wkEv to VIn£At based upon privatelir collected 

nLBtcnal]; Afnnuettp 1, 2 Ug07\ PP^ 177-1 ^7 (* review). 

^ B. S. Hid., PP- 318-3+i Ciw which p insofiar at ViuC^a is concerned, the previoufi 
WTiiingt are drawn upon* and the first cKca^'atkms are partialiy utilized); Codil., 
XXll, pp, 162 ff- {as a part oi the oAicial report on tbe aeiWitla of the National 
Muteum In l9oS)j A lip pp. 33^39 (the uidbl important article in thi* regard, from 
which other* haw obtained the ba&i^ of their treatments); JP. Zr, III, pp, 116-134 
(comicnis itself w^ith the dating and estraterritorial relationships of the iitc)j Man* 
XXX, pp, 197-200 (a brief article id the nature of a field repDrt)^ /, pp. Xtll 
+ i 59 i 149 XXXVlll plates, of which the Iasi four 

are colored (aa may be seen from the contents given in tioie 24, very' little ipace 

h devoted to pntiery)^ R. L E. I, pp. 65-73 {deal* with \ 1 nia as an Ionian colony). 

P. 4 pp.XIIi and XL 
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Instead, Bince 1932, the distinguished excavator has devoted 
much of his pen to considerations, theories, and hypotheses 
Tvhich have no practical bearing on the real cultural develop¬ 
ment at V'^^infa.” 

As must be apparent from the foregoing, the division of 
Neolithic ViniSa into I and 11 is not without ambiguity. 
Naturally, the classificatory differentiation should be ad¬ 
vanced by the excavator. Unfortunately, his latest interpre¬ 
tations have only confused the issue. At the moment, there 
seems to be no remedy for the dual separation. That the 
line between the two is not a tangible reality must be admitted. 
The upper portion of the Vmlfa I deposits, and conversely, 
the lower limits of the Vinifa 11 deposits, should be expected 
to be fused into somewhat of an intermediate zone. Vasic, 
as already mentioned,'* sometimes referred to lower, middle, 
and upper levels, without, however, any specific distinguishing 
tndeces. Therefore, it is not possible to separate the deposits 
of Vinifa, whether Neolithic or later, into dependable divisions. 
At the same time it is true that the designation of Vinfa 1 
and II, insofar as its Neolithic Age is concerned, oflfers a 
valuable aid in the synchronism of the culture history In a 
large area which covers much of Central and at least a part 
of Southeastern Europe. Indeed, as Childe justly points out, 
ViniSa is the sole standard for a provisional classification." 

That Vinfa is first of all a Neolithic site is proved by the 
very material it contains. This represents a culture complex 
which was initially introduced into this region from outside. 
Whether it is called Danubian ” or .Anatolio-iEgean,"® the 
traces of its original diffusion are still unknown. Yet the 
weight of evidence points to the direction of the Southeast, 
a somewhat vague concept in European archaeology. Perhaps 
Hither Asia, in itself not a very clear cut geographic connota- 

” CJ. nolc 24,^ xiiprap lad k. /. Ip pp. 65 

Cf. Grbi^^t review ciTcd in note 59, tupf4. 

Cf. flow 56, Tifprtf, 

™ p. a6. 

^ Cbildc^ pp. 36 IF- 
Meng'liin^ 3^5^^ 
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lion, or pos&ibi/ Anatolia, may be postulated as the original 
area whence started the cultural and ethnic movements which 
were eventually responsible for the introduction of the primary 
Neolithic into Southeastern Europe. This view is brought 
out in a convincing manner by Childe in bis critique of 
Frankfort’s theory of Danubean influences in the .cEgean.*® 
UTiether or not it is possible to distinguish a Copper or 
ChalcoHthic period at VinCa is a vulnerable point. Local 
metallurgy, the sole dependable criterion which should decide 
the issue, cannot be proved as an integral constituent within 
the cultural capital of Vinifa 1 and IL Vasic’s arguments in 
this regard are not convincing.** Stray metal objects do 
appear, to be sure, as far down in the deposits as 8.1 m., but 
they are rare.®* Their presence is explainable as being due 
to trade imports from outside), or perhaps to chance 
production at the site. In either case, these specimens have 
not affected any noticeable influence upon the prevailing 
stamp of cultural expression. It is a methodological fallacy 
when an attempt is made to establish an age of metal upon 
such inadequate evidence. 

Turning our attention once more In the direction of the 
of VinCa, our search for possible antecedants insofar 
as the earlier stages of local culture history are concerned, 
meets first with a pronounced htatuf. Paradoxically enough, 
our inquiry at once begins and ends, quite abruptly, with the 
Aurignacian phase of the Upper Palaeolithic Age. The 
existing data on this point are indeed far from satisfactory. 
The following is the historically first reference which has a 
direct bearing on our task; *‘Des pointes et des sllex aurig- 
nacieits viennent aussi de caverns de la region de Belgrade.” ®* 
There is no description of these specimens, no names of the 
caves concerned, nor is it stated where the artifacts are now 
deposited, or how many have been found. Furthermore, one 

» f«MT. a^ten. Studvjf L (i9}o}, pp. JjS S. (HercAfier /. //. S.) 

" Snulief, II, pp. 1+ €. 

« P. V. /, pp. 1-ii. 34 ff., »eid »3 ff- 

“ Vade, XXX. p. 3oa 

H., XXXIII (1913). p. 333. 
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looks in vam for at least a mention of the circumstances 
under which this material was collected. Nor is the nature 
of the caves and their floors given. However, the reference 
here quoted has been used by other students,” among whom 
there is an agreement that typologically, as ascertained by 
Breuil,“ the material in question represents the Aurignacian 
phase. WTiether or not actual deposits bearing this industry 
do exist in the caves around Belgrade, remains obscure. 
There are no suggestions whatsoever of Solutrean, Magda- 
lentan, or Mesolithic remains here, The inferences of Palseo- 
lithic man in the region eastward of NiS, which In point of 
geography is contiguous with the hinterland of Vin£a, are 
based purely on palaeontological evidence,*® and have been 
refuted.The status of the hiatus, which is so clearly 
demonstrated elsewhere in the Danube Basin, is likewise 
implied in the region which forms the southeastern portion of 
its middle subdivision. The postulation, therefore, that the 
Neolithic Age in this region, in its beginning at any rate, is to 
be explained as a new ethnic and cultural arrival, must be 
reiterated. 

Aside from Vinfa, the series of Neolithic sites distributed 
to the south and east of it, strongly suggest an area of homo¬ 
geneous development. Both on geographic and on culture- 
historic grounds, this terrilorj' may be spoken of as the 
Moravo-Danublan area. In extent it corresponds to the 
drainage system of the river Morava, which through its 
Binafka, Southern, and Western branches collects much of 

“ /jF. MacCurd>% G, Gr, Human Originij J (Kew Y-orki 1^34),, Fig^, 83 on p. 
and p. 170 (without a litirar>' citation—cf. Skutil^ J., and V 

(i9£9]^ note 43, who also quail fio MacCurdyV pEottm^ of the “ four ncir 

Boleradc” Fig. Sjj as wd^l schirmaiiich[ep. note 45]; Obermekr, H., 
KfoiifxUon dtr VI (Bcriin, p. iTtJj Skutll^ J., Qp- cii,^ p. iJJ 

Cbildc* V. p. 12|a(td tnOm rKCnUy', Sl^tlL, J., EuiL Fr^L /'r,, XXVlll 

(1931)^ ppr 2:34ffr, again refers to tht '* sporadic; but Icidubitabljr Auri^aoiau hadt 
from MvcfiRl cAYcms iu tho cnvlrooi of bcought to nttcntiou Bmull/' 

■* Lk. nV. 

** S. P. R.f No. p, 2S, note 24. 

^ Cf. Menghin, O.^ JPUmr Frih. E«Jr, II (1915), pp. 128 who. speaking of 
the etc. CAves,^ states: "... wcqifstens lasst sich aus Ihncn nkhti SicKcres 

entnehmen . . and Skutll, £ijxnV tr. Urgnek^ itidr, p. 18: ** Die Daiicrung ciner 
dieser LokaliLateci ah palaolithisch sei gAilZ unhegrufldet/^ 
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the waters of northeastern Yugoslavia. In nature of soils, 
climate, and other economic factors, as well as in physi- 
the ATorav^^Danubian area js a unit. It is traceable 
as such throughout history, beginning with the Neolithic Age. 
Its spatial limitations fall within an inverted curvilinear 
triangle, of which only one side, r'.f. that coinciding with the 
courae of the Danube, is sharp. The northeastern point is 
located at the confluence of the Kolubara with the Sava, 
near Belgrade; the vertex lies in the Morava-V ardar divide, 
and the northeastern angle Js given by the Tuman spur and 
the Danube, near Golubac. This triangle occupies the 
northeastern portion of the anthropogeograpbical concept 
advanced by Cvijic, who defined it as the Central or Morava- 
Vardar area.** The main body of the Morava Valley system 
corresponds to the Morava or Sumadija region of Cvijic s 
subdivision.** The topography of our area represents a 
dendritic pattern of valleys which accommodate the numerous 
tributaries of the branches of the Morava. These are inter¬ 
spaced by u pi ands and mou ntai n s. The p re dom inant o rien ta- 
tion of these valleys is in the general direction of south-north, 
to a lesser degree west-east, and least of all east-west. The 
main corridor stretches from the Morava-Vardar divide in a 
north-north-westerly direction towards the Danube. There 
is no abrupt break between the drainage systems of the 
Morava and the Vardar. On the contrary, a moderate 
relief spans the two, namely through the region known as 
Zegligovo, and south of that the Skoplje Basin can be reached 
comfortably. The mountain chain which lines the Moravo- 
Danubian area on the east may be crossed by wajr of the 
NiSava river, whereby an entry into the drainage of the Iskar 
(in Bulgaria) Is gained. The SiCevo chasm, a formidable 
barrier, can be circumvented. Other connections are avail¬ 
able further north and offer egress either to the valley of the 
Timok, or into regions eastward of the Iron Gate.** The 

" Cvijif, J.. OjJtotf, eie., I, S. K. J., poi- lid., k"-1 ? (Beograd, igo6), p, fii. 

Op. ct$.j p- 6i. 
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western mountaijii boundaries of our area like wise provide 
means of communication. 

Whatever the conditions may have been in aboriginal 
Neolithic times, the body of the valley was early settled. 
Apparently its climate and soils were then attractive to 
agriculture and stock raising. It is of interest to note that 
today these two industries, together with horticulture, are 
the basis of local economy. And as far as written records 
offer evidence, this seems to have been the case from the time 
of the Roman rule. Certainly the archaeological remains, 
insofar as known, point to a similar economic status (excepting 
tree culture) from the Neolithic Age onward. 

Among the sites which are illustrative of close analogies 
with VinCa, not only with its period 11, but also to a greater 
or lesser extent with period 1, the following have been either 
partially excavated or sounded; 

i* “CarSija/^ near Ripanj;^* 

2. “Mali Drum/^ near Popovic; 

3. “Kremenite Njive,'^ at Barajevo; 

4. “Jablanica,” at Medjuluzje; ^ 

5. “Dizaljka/* at Lipovac, near Arandjelovac j “ 

6. “ PloiSnik,** between Prokuplje and KurSumlija; ^ 

7- “ Velika Humska Cuka,” near Nil; 

^ Vajit, {i 9 & 4 )p PP- ijS ff.p aad OJaf, LXX (l^J, pp. l^S 

Vata^ G<tdU.^ op. ^El.| and Glai^ a^eW. 

^ M.f 3 (1^89]^ p, 96- 2 uievac^ J. and ViltrovlC, S/tff.p 

Vlll, 1/2 pPh I fT ; Vwifp cp. tii. 

« Vaia4 Jrrkivf. jinlkfap^, XXVJ I, 4 pp, ^ 17 ff. 

" Grtif, ^L, !^XX1X P- ^97+ and Feulwj^ p. 26. A britJ 

scnndln^ w« made Id iKIi aiic hy the Univeniir Museum of ^ilacklphlii. Par, and 
tile Peabody MuKum of Harvard Un|vT:r?.fty Joint KapeditEon in 1951. 

“ Grille, PioHik, etc. (Beo^ad, 1919); the luthoz dancs thUflIle of Uic Late 
Ncalkthic: or Eneoiltbic 

^ Partiilly excavated by tbe National Muwum of BeE^rade in i934:» nnder the 
direction of Dr. Grbli. In hi* leucr of Fehrniay jo, 1935, Dr. Grfaid baa kindly f«r- 
niahed me with the following Infoimatian regardant hi* find*: “There are itray Neo- 
litluc iLresj. but no Neolithic depoilia. The culture kveS ii of the Bronze AgCi^ and hai 
new type* of ceramia and dccoraiionp aanong which painted potterj', black on whiter, 
i* pmiflnt, "Hu? *i^e if ol the EarEy Bronze Age date. TTicre are aUo Bomani and 
B>' 24 iiitiDc iniiquitLCG. and Slavic piu," (Ffw tran*latIon.) In my opinion^ which 
i* based upon ihe matj?rial pneviouflly found at the file and now dEpexited in the 
Museum at Ki 3 , NeollUiic ceramic traits a>mparablc to ViiiriSa art also pitxetii. The 
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8, “Gradac,” above ZlokuiSane, near Leskovac; ** 

9. ^‘GutnniSte Barak”) — Cukar,” at Pavlovce near the 

head-waters of the Southern Morava,** 

The NiS Museum, a young, but very active institution, 
has in the course of the past two years recorded a number of 
sites in various parts of the Morava Valley. The American 
Eipeditions of 1932, 1933, and 1934, all in charge of the 
present writer, have participated In this workd*® Through 
the kindness of the NiS Museum, and also the Negotin 
(Krajina) Museum, the Expedition of 1933 and the 1934 
American School of Prehistoric Research, greatly benefited 
in their work in northeastern Yugoslavia. Out of the com¬ 
bined efforts, and incorporating the subsequent finds of the NiS 
Museum which fall within the area under discussion,^®'^ the 
following sites, again comparable in their material contents 
to VinEa, may be listed: 

I. '‘Kavolak,” at Prokuplje,*** Among the material found 
at this site are represented the barbotine and painted 
classes of pottery which are so characteristic at “Grad,” 
StarCevo,!** and which are not uncommon in the lower 
levels at VinEa.i** Thus far, the Neolithic material from 


E^cavatiDiiA of i934p rtitrktcd ma ihjty ft'cre m areal catwnt, are not ncccitari-ly ooci' 
clusiw insofar as the total dtposit* are conMmed. It Is possible^ cff cemrse, that xlw 
slit may have been only a irtailent one in NcoEithk EimeSj and that ilit whseb 
should Identify it may hivt an IrrefuUr hE^ri^^oIllal dUtrSbutbn^ 

tXXKVl (191 i), pp. 97 C; ihe Author dat« ibis itie as of tbt La 
Tene phase of the Irtm 

« Ftwtts* Mult. Sr F. R , No. 10 (i93+)p pp* 4^ 

Bull. A, S. P. R., No. 9 (l9ja)K pp. i 7 ^ No, 10 (1934)^ PP^ 39 No. 11 

pp- ff- 

U^th ihe kind ptraiisiloo of ihc NiS Mufieum, which is h^rrhy fatefully At- 
kaowltdged, 

BuU. A- S. jP. R., No- ii PP 

(l913)tPP-44ff^ ^ ^ , 

r. pp. 90 And Bull. Nd. 9^ p- 4J8.—Vasl£ compArta the barboune 

wart with tfit su-iAted flhtnlii frtim iht [umba at VardaroYCA in Gnsck h^esdonsA 
Cef. A /* p. 9ij note zo)* In tny optoicn, such a cdmpirison is not juBti &ed^ inasmuch 

as at Vardarovea " the dccdtation. is made with a tddthcd ipstrumeni producm.g' 
shallow Atveeping parallel lin^p moving in diffcrsuf direct ions + . - “ (Heurtteyj \\ ^ 

B. Sr Ar, XXVII fi92S^p p. Id). There Is m additioDAl appilctddn of pasie to 
enhance the relief effect which ii such A typIcaL element at Starvevo, and which ii 
CertAinly apparcaC. In the a parallcli {cL F-r F. Ir PL XXdX, ILU. tw>, 13 J- ip And. bp 
and no. «J3)- 


666 


VLu^DlMlR J. FEWKES 


“Kavol^k” includes ihe two classes of pottery already 
mentioned, one crude figurine of baked clay, celts of the 
shoe-last type^^ and notched fiat pebbles,*® 

2, "Kovanluk/* at MalCe* near NiS. The Neolithic material 
contains : barbotitie, incised (bands filled with indentations 
or short cuts)^ fluted, and burnished wares; fiat discoidat 
pebbles with notches on their long sides.*** 
j* “JelaSnica,” near NiSka BanjaJ°^ Only the incised ware 
appears among the Neolithic material collected here. 

4. **Setka,** near Raianj, The Neolithic representatives at 
this site are: incised (filled bands), fluted, and burnish- 
decorated wares, and libation tables (some with incised 
decoration).*®® 

5- ^^Osmakovo,^^ near Pi rot. The Neolithic material in¬ 
cludes: barbotine, incised (filled bands), fluted, and 
burnished wares; libation tables (some wiih incised 
decoration); shoe-last celts***® 

6. ^'^Tumba/^ at Ralna, near Pirot* Here the Neolithic 
fluted and burnished wares are represented^*** 

The sites at Bunar, Donja Glama, Kravlje, Soko Banja, 
Sanac, and Vrmdja, from all of which sample material has 
been collected,*** each contain some e^tamples of Neolithic 
analogies with Vinifa. 

Other instances of similar analogieSt of which some are 
only provisionally so considered, are known from the follow'- 
ing: 

I. ^‘Suplja Stena,’^ near Belgrade* This is a Neolithic (in¬ 
cised material) and later site located upon the summit of 
the hill which contains the cinnabar galleries thought by 
Vasic to have been exploited by the people of VinCa.**® 

Dcpqaltcd m the Muietim at NlL 
Depo&itcd in the Miu^eutn at ^^iS. 

/j". the civc otf Crknitc (iiifonn;i[iofi ftom NSS tetter of Junei 11* 

in the Museum at .\ir 
Depofited in the Museum at KiL 
Dcpofiitrd in the Museum at Nil. 

1>e|H»lted in thjp Museum a% NIL 
^ Dcpailte-d In the Muirum at NiL 

F, /p pp, 4 ff.j the dep&4|tE in queitlnq ate dlumi^d W VaaiC ai a ^ poor 
prchittonc settlement " {/.f.p p, 6), 
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2. “Avala,” near Belgrade; 

3. The vicmlty of Rudnik; 

4. The cave at Petnica; 

5- The vklnity of PoJarevac; 

6. The village of Resnik RragujevaEkl, near Kragujevac.'^’" 

The enumerated instances of analogies with Vinfa do not, 
I am fully aware, exhaust the field under discussion. The 
geographic distribution of the relevant sites falls within a 
belt which appends onto the Danube in the northwestern 
periphery of the area, and from there stretches in the direction 
of the southeast. The bank of the Danube itself, at least 
below' VInEa and as far as Golubac Is still without comparable 
deposits,although sites of the Bronze Age are known.“® 
On the northern side of the Danube, in the Banat, several 
Neolithic stations related to Vin6a have been explored-*'® In 
Roumania, sites of the Turdas group, as defined by Nestor *** 
afford a continuous tracing of like development into Sleben- 
burgen and thence on the eastern side of the Transylvanian 
Alps once more to the Danube.*®* In Greater Walachia, 
according to Nestor, the sites on the bank of this river have 
no VinCa traitsA®* Presumably, the same is true of the 
opposite side in Bulgaria, where the Boian A development is 
dominant.*^ On the other hand, in northwestern Bulgaria, 
and in the Kljii£ and Krajina regions of northeastern YugCH 
slavia, close comparisons with V^InCa are encountered again, 

»* Cf. Hqfnaiiifl, R., M. A. C, if '-, XVl (1886), pp. I39] «■ 

M* Cf. TrajinovSi, S., Slot., VII, 4 (1890), pp. lol ff„ ■nil IX, i (1*91]. PP- I 
>“Cf- Jovinovid, Dj. P., Slar., (X, 2 (1892), pp. 41 
“■ Cf. JovanoTit, Dj. P., Star-, IX, 3 (1892}, pp. 8l ff. 

PersoDfl,! infoniiat?on fitun Dr^ Grbif, jciwon ^95^' note g9p 
Between GolutAt and the Iran Gwe the oldest lemaios thti-a fax Astertamed 
ate of the Roman periodj of- Fewkes^ BtiiL A* S- F. No. iq (1'9343p PP' 33 

Cf. Vasiit Staf^ V ([ 9 ]o)» pL whkK c3oniAiELi a map glviiis their ^ilfibution. 
KArapindii^, D. Dj,, Sfdf.p 3 rd 1 ( 19 ^ 2 ), pp, tSI ff ; iSlEnghmp O,, 

3rd Ber.* IV PP' *S ff- (*Tid literAtuft ^iven theresTi)^ Fewk«^ GoldmAn, 

Ehricli, EulL J. S. P. Rr, Np. 9 (l 933 >i pp- 33 ff- 
22. BfF. Rr-G. Kr:f pp. 33 . 

^ Ijt. OfitroTuf Korbulns and. ^itovul MurCp ef* p- 34' 

opr cit., pp. 34-35' 
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although Starfevo characteristics are especially protiouneed. 
Perhaps the largest and richest known Neolithic site between 
the Iron Gate and the river Timok is that of “Obala” above 
Korbovo, opposite the Island which bears the name of 
Korbulul in Roumanian.'^ The distribution of the KljuC 
and Krajina stations seems to be restricted to the bank of 
the Danube.’*^ The geographically nearest analogies towards 
the south are to be found off the Pirot Basin and the valley of 
the NiSava.^-* We have seen that communicable passes 
exist between the \Ioravo-Danubian area and the regions 
eastward of the Iron Gate. At the present time there is 
neither evidence to show nor even suggest that these were 
actually utilized in Neolithic times. 

If one is to seek possible routes by which Neolithic 
cultural traffic may have moved in these parts of the Balkans, 
serious difficulties stand in the way. The greatest of these 
are the numerous regional lacunae insofar'as archaeological 
knowledge is concerned. The Morava-Vardar valley, and 
especially its stretch between Djevdjelia and the Skoplje 
Basin is perhaps the most outstanding example in point.^** 
Nor does the valley of the Ibar, farther to the west, which 
leads into Kosovo, and which is deemed to be a possible 
route by Chllde,"** admit of acceptance. Towards the west 
and northwest, the Drina, Sava, Bosna, Drava, Tisa and the 
Danube itself accommodate communication, rvhlch appears 
to have been utilized from the Neolithic times onward.*'’" 
The situation, no doubt, is the more complicated since it is 
apparent that successive w'aves of diffusion have taken 
place.*” Still, it is to be expected that the systematic work 

ej FeurkM, Bull. A. S. A A., No. lo PP' 35 ff- 

Cf. ^ote lllp mpra. 
m pewkrA, ihid.f 3B- 

Cf. nfiltt 10^ and 1 lOp mpfa. 

Fcwk«p p. +4^ 
ijfi iW-* p. 3. 

“Thus explainiti^ the pi^cncc of tuck as Butmfcrp" Dcbela Erdo, 
*'Dcnsii KUkar/^ “ Novi ^hcr,'=' Maha 3 a/' ifi the WKtcrly direction* 

and anabgouft sitet alon^ iheTiii. 
w aiE]dc* H. S.p p. 261. 
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now in progress in Yugoslavia and the adjacent countries 
will do much towards the solution of the existing deficiencies. 

To recapitulate: Vin£a is a Neolithic settlement repre¬ 
senting perhaps the highest cultural attainment in a large 
area which may be defined respectively as the eastern ex¬ 
tremity of the Middle Danubian Basin and the western 
e.\tremity of its Lower division. The primary diffusion 
responsible for its introduction to Europe seems to have come 
from the direction of the southeast, apparently from regions 
beyond the Bosporus and Helles[>ont. The Moravo-Danubian 
area, an integral part of tire Middle Danubian Basin, presents 
a geographical unit which admits of regional treatment. 
Whether V’inCa was actually its cultural center,*” is, 1 think, 
a difficult task to decide, and one which is of no great moment 
in itself. WTiat is really important and seriously needed is 
to deal with the evidence before us in the light which is 
justified first of all by the nature of the deposits, secondly 
by the cultural development which they document, and thirdly 
by germane correlations with parallel sites. VinSa should be 
the real standard of the southern Danubian Neolithic. 
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FURTHER OBSERVATIONS ON THE PECTORAL GIRDLE 
AND FIN OF SAURIPTEROS TAYLORI HALL, A CROS- 
SOPTERYGIAN FISH FROM THE UPPER DEVONIAN 
OF PENNSYLVANIA, WITH SPECIAL REFERENCE 
TO THE ORIGIN OF THE PENTADACTYLATE 
EXTREMITIES OF TETRAPODA 

WILLIAM K, GREGORY 
Historical Introduction: 

The type specimen of SiiSiTipierus tuylori Hall, which Is 
preserved in the Geological Department of the American 
Museum of Natural History, Is one of the two most important 
extant palseontological documents bearing on the origin of the 
chelropterygium, the other being the pectoral girdle and limb 
of E-usthgTiopt^on foordi Whiteaves, represented in various 
Specimens described by Whlteaves, A. S. Woodward, Hus- 
sakof, Goodrich, Bryant, Petnomeirics, James Hall (1843), 
the describer of SgHifiptirus taylori^ had the knowledge and 
insight to apply the words ‘‘clavicle,” “rudimentary humerus, 
ulna, radius and phalanges” to different parts of the type and 
only known specimen, which is preserved in a block of reddish 
brown sandstone from the vicinity of Blossburg, Pennsylvania, 
dating from Chemung (Upper Devonian) times. Hall also 
invented the name SauripUrus to express the apparent inter¬ 
mingling of fish and saurian characteristics which are to be 
observed in the pectoral girdle and fin. But his excellent 
figures of these parts seem to have remained long unnoticed 
even by those who afterward debated the subject of the 
origins of the paired fins and the chelropterygium. In 1891, 
however, A. Smith Woodward after a personal study of the 
specimen referred it to the crossopterygian family Rhizo- 
dontidae. 

It was not until 1908 that Hussakof published a photo¬ 
graph of the type of Sauriptermi taylori and made a drawing 
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of it which was used in 1912 by Bertram G. Smith in his work 
on the embryology of CryptohranchuSf in connection w'ith his 
brief remarks on the probable origin of the Amphibia from 
crossoptcrygians. Meanwhile the writer (1911), after having 
studied the type of Sauripterus tctylcrit attempted, not alto¬ 
gether successfully as it now appears, to establish homologies 
between the several parts of the pectoral girdle and limbs of 
SsuripteTus^ representing the crossoptcrygians, and Eryops^ 
representing the earlier stegocephalian Amphibia. In 1913 
Broom gave a sketch-restoration of the pectoral girdle of 
Sanripteraj and conjectured that in the passage from the 
crossopterygian to the primitive amphibian condition only 
the distal rods beyond the enlarged preaxial bone or "radius,” 
which he supposed might have been of assistance in crawling 
and digging, persisted and gave rise to the digits of amphi¬ 
bians, while all those rods which were supported by the re¬ 
maining or ulnar side retained the functions of a paddle until 
the need for them ceased, after which they disappeared en¬ 
tirely, so that they are not represented in the tetrapod limb- 

In 1915 I published a paper entitled “Present Status 
of the Problem of the Origin of the Tetrapoda, with Special 
Reference to the Skull and Paired Limbs,” in which the 
pectoral girdle and fin of SaaripteTui taylori were illustrated 
by a large and carefully eiecuted sepia drawing by L. A. 
Adams. In this paper it was held that since In the earliest 
Amphibia all the digits converged toward the ulnar and 
fibular side of the limbs, it was only the corresponding rays 
in SauTiptemi that gave rise to the five-rayed limbs of primi¬ 
tive tetrapods, a conclusion which is again supported iri the 
present paper. 

Meanwhile Patten (1912) had used the Eusthenopteron 
fin as his starting-point for the cheiropterygium, while D. M. 
S. Watson in a brief paper in 1913 held that the fourth digit 
of tetrapods together with the ulnare, the ulna and the hum¬ 
erus represented the jointed axis of the fin of Eusthenopuron. 
Among subsequent papers dealing especially with the problem 
of the origin of the cheiropterygium may be noted those of 
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Schmalhausen (1915, 1917), Petronievics (1918), Gregory, 
Miner and Noble (1923), Broom (1930, p. 106), Gregory 
(1928, 1934), Romer and Byrne (1931) and Howell (1935). 

The derivation of the skull patterns of the oldest tetrapods 
from a primitive crossopterygian type has in recent years 
been practically demonstrated, especially in the memoirs of 
D, S, Watson and Save Soderbergh. Moreover, Watson 
(1926) has described the pectoral girdle of EogyrinuSf one of 
the British Lower Carboniferous embolomeres, which is 
almost intermediate between the crossopterygian and the 
typical embolomerous condition. Recently the Upper De¬ 
vonian footprints described by Willard (1935) as Parampklbius 
triddciylus and P. didactylus have raised new hope that the 
problem of the origin of the cheiropterygium may be solved 
even in details. There is therefore strong reason for believing 
that at one time the true intermediates between the pattern 
of the pectoral paddle of a generalized crossopterygian type 
and those of the earliest embolomerous amphibians did exist 
and in the meantime the pectoral paddles of Sauript^rus and 
Eustkmoptfron are the nearest approach to such a generalized 
type yet known. 

SAOklPTEaVS 

During the present investigation the type of Saurtpitrus 
tayloriy together with available material of Euslkenopleron, 
Eciosleorkackis ( = Parabatrackvs), OsteoUpiSy etc., was again 
subjected to a most prolonged and intensive scrutiny. I 
had also at hand a small but very useful series of sketches of 
parts of the pectoral girdles of Rhi^^us and other British 
crossopterygians which I had made in 1913 in the Royal 
Scottish Museum, Edinburgh, and in the British Museum 
(Natural History'), London. Nor did I neglect to glean every 
bit of information on crossopterygian girdles and paddles 
that I could get from the text or illustrations in the literature, 
especially from Hussakof, Bryant and earlier authors on 
Eustkenopteron, from Traquair on Tristickopierusy Wellburn 
and Watson on Megaiichtkys, and others. 

On the stcgocephalian side I again had recourse to the 
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FiOp The Ariginfiil ipcclmcn of Snurtpuruj t^hri Hall. One-diird natural ibc. 
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Fic. j. R^iiDrfttLon pcctDral girdle jind paddle ai ^mripufuj iaytori Medial view of right fide. Onc^hird naluraJ aiaoCf 
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remarkably well preserved fore foot of Cope’s Eryops mega- 
c^phalui. 

In Fig. I we have tried to represent the pectoral girdle 
and paddle of S&uripUfUS iayiori exactly as it is preserved 
today, even with its imperfections and without any inter- 
preiatjons* In the restoration (Fig. 2)^ on the other hand, 
we have embodied the results of all our Investigations on the 
pectoral region of this and allied genera of crossopterygians. 

In SauripUrus the parts preserved, in addition to the 
pectoral paddle, are the clcithrum, parts of the supracleithrum 
and postclcithrum (?), and a section of the glenoid fossa of 
the scapulo-coracoid. Several large scales or scaly plates 
appear on the anieroventral margin of the radius,” while 
about seven dermal rays adhere in a cluster to the distal 
lobate region of the paddle. Other fragments near by, apart 
from the posterior part of the mandible, are of doubtful 
significance- A series of vertebrae found on another slab 
of sandstone and figured by Hussakof (1908) recall those of 
Euslh^nopUron. In the cleithrum the lower spa tula te expan¬ 
sion, which turned inward at a sharp angle to the blade, lacks 
the greater part of the ventral ramus. It bears on its antero- 
internal margin an obliquely placed, narrow and flattened 
strip against which the ascending process of the cla\dcle was 
probably appressed. The latter was not found but in our 
tentative restoration we have given it a form much Hke that 
of Rkizodus as figured by A. S. Woodward ([891, pi. Xll). 
The missing portions of the scapulo-coracoid probably 
extended above the glenoid to afford support against the up¬ 
ward oblique thrusts of the pectoral paddle; from the glenoid 
fossa the coracoid must have extended downward and forward 
beneath the ascending ramus of the true clavicle. As re¬ 
stored it is essentially similar to the coraco-scapula of Etts- 
th^nopUron (Bryant) arid Afegalichthyx (Watson, 1926, p. 
252). The glenoid fossa was deeply concave and evidently 
permitted rotary movements of the humerus, which haa a 
globose head. From the position of the glenoid it is plain 
that the normal direciion of the pectoral paddle was back¬ 
ward and parity downward. 
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The pectoral paddle of Sanriptfrus^ like that of Trijti- 
chopUnis and Eusthenopi^ron, included firsts an axial series of 
*^basals” (Traquair) or axonosts (Pelronlevies) and second^ 
a more or less parallel series of “radlals^* (Traquair), which 
articulate with one side of the a\is. The first of the radials 
in Satiriptji^riis is a very large plate of bone without visible 
trace of subdivision on the lower border of the fin. It is 
evidently homologous with the first radial of Eustkmopt^Fon 
and TrislichopUrus and it has been homologized by all authors 
except Romer with the radius of amphibians. 

In the great si^e of the ^‘radius” SjiunpUrus surpasses 
Mfgalkkthys and related genera. This seems to imply some 
special habit such as scooping the mud with the large scales 
or plates on the anterior surface of the radius, possibly in 
connection with nest-making habits. That the pectoral 
paddle w^as equipped %vith strong fan-like superficial and deep 
muscles for spreading, contracting and vibrating the rods of 
the fin as well as for twisting and turning the paddle and for 
bending it, is implied by the size and strength of the elevations 
on the inner surface of the cleithrum, by the presence of stout 
processes on the humerus and on certain of the axial or** basal ” 
pieces, as well as by the roughened depressed areas on the 
humerus. 

Another conspicuous feature of the pectoral paddle of 
Sauripterui is the strong development of the most distal 
digital rods, near the peripheral border of the lobate or 
muscular part of the paddle. With one exception these rods 
do not appear to have been ossified in Euitk^noptfron as 
indicated by Bryant^s and our own materiaL The exception 
noted IS a small rod near the distal end of the jointed or basal 
series present in one of Bry^anris specimens. In the typo 
specimen of S. l^yhri as preserv^ed the jointed series of ^^basaT^ 
rods, or axonosis, is found on or near the dorsal border of 
the paddle, while the broad first radial is found on the lower 
border. But since the humerus rotated on a ball-and-socket 
joint in the glenoid articulation, one might wonder whether 
the Sauripurus paddle could not have been twisted upside 
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J. Euitk^nQpt^ron fuordi. BakiJ cjn inatcrifiil of Bryftiit ^nd fliqlhar. 

€. Er:f^ps mrgoriphaius. Baaed on CopeV matcriat in the American Muaeum of Natnrfll Hintory. 
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A, EujihfnQptmn c^n nvitcri^l of Bryint And Author^ 

B. Partly hypothetic {ntenaettiAte. GUdic supplkd from WAtwn'i Epsyrinvj- 

C vug^tepfmius, Biscd on COpe'ft mAtcnnl In tho Am«r3cim Mu^nm. 
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down. That this Is not so Is indicated by several considera¬ 
tions: (t) In the beautifully preserved Albany Museum speci¬ 
men of Eusthenopteron described by Hussakof (191^) the left 
pectoral fin is found in exactly the same position as that of 
SauripUruSi with the jointed basal series on the upper border; 
(2) the same is true in Bryant's Ensth^nopUron; (3) if the 
jointed basal rods were placed along the ventral border the 
strong movable radials of the fin would point forward and 
upward and the more freely vibrating border of the fin would 
tend to draw the head downward and backward, whereas in 
the living Polypterus^ which has the most nearly similar fin 
among modem fishes, the pectorals when directed partly 
downward tend to drive the head fonvard and upward; (4) 
In the skeleton of many aquatic types of vertebrates the more 
convex and stiffer line of bony elements lies on or nearer to 
the anterior border of the appendage, while the more freely 
movable borders are directed to the rear (e.g., ichthyosaurs, 
plesiosaurs, marine chelonians, etc-). 

The ORtGtN OP the ClIEtROPTERVOtUM 
In comparing the elements of the pectoral paddle of 
Sitiriptpf'ur with those of amphibians, the large bone on the 
lower border of the paddle immediately behind the “hum¬ 
erus” has commonly been homologized with,the radius, 
while the first small bone above It has been called "ulna.” 
This interpretation^ has, however, recently been challenged 
by Romcr (in Romer and Byrne, 1931) chiefly on the ground 
of his studies on the development of the muscles of the girdle 
and limbs in the lower vertebrates. According to Romer's 
hypothesis, the lateral surface of the crossopterygian paddle 
by bending at the elbow and twisting forward and inward 
gave rise to the palmar surface of the cheiropterygium, while 
the dorsal ray of the paddle became the pollei of the cheirop¬ 
terygium, This would make the large anteroinferior bone of 
the paddle homologous with the ulna and the small bone above 
It homologous with the radius (cf. Fig. 5). Several years 
ago in order to test this hypothesis by experiments I super- 
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vised the preparation by Mrs. Helen Ziska of a series of 
drawings of the pectoral limb of a generalized crossopterygian 
(essentially Eustk/rnopieron but with additions from Saurip- 
tffuj). The drawings were then projected upon both sides of 
some thin Hexible drawing paper. By bending and twisting 
these models we were able to put the limb into successive 
positions, first according to the current hypothesis that the 
radius is represented by the lower of the two bones beyond 
the humerus (Fig. 4) and next (Fig. 5) according to Romer's 
hypothesis, to the consideration of which I shall return below. 
Passing now to the consideration of the probable condition 
of the pectoral and pelvic fins in the lost interval between the 
crossopteiy'gians and the oldest known amphibians, we may 
examine first the medial surface of the pectoral limb of Eryops 
m^gacfpkaluj Cope, in which the entire carpus and most of 
the digits are presented nearly in the natural positions. An 
extremely significant and important fact is that in this 
pectoral limb as well as in the pelvic limb of Trematops as 
figured by Willlston (1909) all the carpak except the radial 
series are arranged in an obliquely placed system which 
extends upward and backward to the ulna, whereas in 
numerous restorations of the supposedly primitive pattern 
of the tetrapod manus, the carpal bones have been placed in 
transverse rows, as they are indeed in most later tetrapods. 
This oblique arrangement is distinctly noted in my 1915 
diagram of the pectoral and pelvic limbs of primitive amphi¬ 
bians and it is very clearly shown in the carpus of fcetal 
nrodelcs as figured by Schmalhausen (1915). Moreover, In 
Eryops the radius extends far below the level of the lower end 
of the ulna and the radial carpals form a distinct series which 
bends aw'ay from the shaft and seems to occupy the position 
of the “prepollex” of recent amphibians. Brazier Howell 
(1935) limits the “prepoilcx” to the prepoliicial carpal. 
According to the hypothesis here advanced, however, the 
radius in the crossopteo'gian stage carried several rods which 
eventually disappeared except for possible traces in the pre- 
pollicial carpals, while the future digits I-V ail converged 
toward the ulna^ 
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Now as already noted, there Is very good evidence from 
skull patterns, teeth and vertebrae that the early stegocephal- 
ians including Eryops were derived eventually from the stem 
of the crossopterygian fishes. Hence it is likewise probable 
that the limbs of Eryops have been derived from crossop¬ 
terygian paddles that were essentially similar to those of 
Eusthfnopteron and Sajiripterus. The humerus of Eryops 
correspouds perfectly in position with the humerus of the 
crossopterygians. In the latter the so-called radial element 
corresponds in position with the radius and “prepollex" of 
amphibians. The other radials incline toward the *^ulna’^ 
much as the carpals of Eryops Incline toward its ulna. But 
how are we to derive the individual carpal bones of amphibians 
from the "radialsof crossopterygians and whence came the 
digits of amphibians? 

After many futile attempts to answer these problems, I 
at last hit upon the solution which is embodied in Figs. 3, 4. 
This theory assumes that the digits and metacarpals of am¬ 
phibians are derived by the breaking up and rearrangement of 
the elements of a Sflunpicrur-like pectoral paddle, as follows: 

(i) radial rods to the carpal elements of the "prepollc:!t”; 

(z) Intermedial rods to the intermedium, mediate and 
carpalia i, 2; 

{3) central tods to the centrale and carpale 3; 

(4) ulnar rods to ulnare and carpalia 4, 5; 

(5) distal radial rods to metacarpals and phalanges; 

(6) dermal rays to nails. 

Figs. 3, 4 illustrate the hypothesis that as the paddle was 
progressively turned downward and forward a sharp bend 
developed at the future shoulder, elbow and w'rist, the future 
ulna lengthened and the carpals, bending upon the ulna, tvere 
stopped by the lower end of the future radius. Then in 
embryonic stages there was a marked segmentation of the 
distal rods, producing the metacarpals and phalanges, and a 
less marked segmentaiion of the carpals, so that the ^‘intcr- 
medial” rod gave rise to the intermedium and the elements 
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distal to it, deluding carpalia 2, 3, while the “centrar* rod 
divided into one centrale and carpalc 3; the ulnar rod sub¬ 
divided into the ulnare and carpalia 4, 5, Meanwhile the 



Ficl Camparifidn qf pectonJ girdic utd limb of crassoptcT^'gi^D ind Eryfypj^ 
ihoMTing bomolo^i^ of parts aocordLnf lo Romeros tbcory. 


jointed series of basals on the radial side gave rise to the 
radiale, mediate and the “prepollex/* 

Romeros hypothesis that the lateral surface of the cros- 
soptciygian fin became the palmar surface of the amphibian 
hand is applied in Figs* 5 i which the trans¬ 

formation according to Romeros hypothesis might have taken 
place is indicated in Fig, 7, Here we see that if R i were 
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laming over And Iwitting of cnMioptcryulau peddle; hornolo^ieA acf^ording to Rojner. 
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greatly leagthened, R z, 3, 4, etc. would be pushed distally. 
If at the same time U 2, 3, 4, S were thrust proiimally, they 
might be crowded Into the space indicated between the heavy 


f 




Fig. dcrfvMsoii of oonditidn'i by aisiso-iii'ciiaiii- or dSffgTigftTijI 

shoncdiii^ and of «rtain pam, ooncttv^d according to ilic bonioIo«Ud 

postolaud by Romcr. 


bl^ck lines in the diagram. But we have no direct evidence 
that ^uch contrary overthrusts did occur. Moreover^ this 
particular development of Romeros hypothesis would leave 
the carpalia unaccounted for unless they represent separated 
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proximal ends of the metacarpal rods. On the whole the 
hj-pothesis embodied in Figs* 3j 4 requires less to be taken for 
granted and makes the various parts of the paddle much 
easier to homologixe with particular parts of the amphibian 
limb. 
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THE PEDICELLATE PEPPERS OF SOOTH AMERICA 

WHJJAU TAELEASE 

The Piperaceae arc generally characterized by having their 
small naked flowers sessile and in what are called technically 
spikes or more properly aments or catkins, though they were 
referred to frequently by earlier writers as spadices. 

The first American exception to this type of inflorescence 
was collected by Ryan in the island of Trinidad and sent to 
Martin Vahl of Copenhagen, who described and figured it in 
1796 under the name Piper ouatum. 

Early in the nineteenth century a second species was col¬ 
lected on Mount Corcorvado and elsewhere in the near vicinity 
of Rio de Janeiro by Gaudichaud and Guillemin, and be¬ 
cause of its racemose inflorescence and its tetramerous flowers 
this Tivas made the basis of a distinct genus in 1820, and named 
Ottonia aniiuru by Sprengl. Shortly afterwards this Brazilian 
plant was differentiated independently by its discoverers who 
described and illustrated it admirably under the binomial 
Serronia Jahorandi. Evidently, the French and German 
botanists who so christened the plant on one set of collections 
worked in ignorance of each other's activities but their 
publications, though prepared at nearly the same date, ap¬ 
peared over a decade and a half apart. 

In 1839, not long after Serronia was published, Kunth 
took up the generic name Ottonia for these species and a 
number of others with pedicellate flowers, as well as a few 
that closely resemble them in foliage and 4-merous flowers, 
though these are sessile. 

Subsequent collectors have added considerably to even the 
species of Ottonia recognized by Kunth; but although his 
genus was accepted by Miquel, who monographed the'Pi- 
peraceae in the middle of the next decade, it was held to be 
more properly a subdivision of Piper than an adequately 

m 
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distinguishable genus by Casimir de Candolle in his classic 
revision of the Piperaccae published a quarter of a century 
later so that for three<|uarters of a century now it has been so 
treated, largely on his authority. 

Under the approved nomenclatorial practice of the last 
century, specific names were not necessarily retained and 
were preferably replaced when transfers were made from one 
genus to another, and this is somewhat confusing when 
confronted with the now prevalent and reasonable practice of 
retaining such names when transfers are made. Because of 
this earlier practice, Kunth abandoned both of Uahl’s names 
when transferring Piper ovatum and called it Ottiinia Fahlii^ 
and Monsieur de Candolle frankly renamed all of Kunth^s 
Ottonias when merging them into Piper, the only specific 
name that he did not reject in this merger being Jaborandl, a 
native name adopted by the authors of Serronia. 

Though a small genus, Ottoma presents the difficulties 
commonly encountered in differentiating the species of Pipery 
to which must be added the circumstance that in pubescence 
and leaf-forms Its species are even more and more puz^Iingly 
variable, 

A second group of racemose peppers, limited to conti¬ 
nental North America, which I have segregated under the 
genus ArctottGniay has paJmately nerved leaves, while the 
South American plants constituting Otionia have equally 
conspicuous pinnate nervation. As thus limited, Ottonta is 
confined, so far as known, to the easternmost part of trans^ 
equatorial Brazil — overflowing into adjacent Paraguay, with 
exception of the single widely separated species of Trinidad 
off the Venezuelan coast. 

Though Oiloma and Arctoltojiia are the only genera of the 
family that have stalked flowers, a large number of Peperomias 
develop a dissemination adjunct by forming a distinct stalk 
under the flowers after anthesls. Herbarium material, even 
with spikes from which the fruits have fallen, permit the 
detection of such “pseudo-pedicels” only now and then, and 
it remains to be shown with certainty how general their 
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production Is^ but two eipert and esperienced field students of 
the genus (Henschen, who knew the Peperomias well In 
Brazil, and Yuncker, who more recently has studied them in 
Hawaii) have expressed the belief that such pseudopedicel I ate 
fruits are characteristic of the genus. Actually, pseudo- 
pedicels have been figured or definitely reported only for 
species of the sections Bpkafrocarfidium^ in which many 
species arc known to produce them, and MUropiper, in which 
they are pictured for two species. 

Suggestive of the pseudop>ediceJlate and pedicellate flowers, 
are the Pipers represented by the cubebs of pharmacy, and 
a number of widely separated species of Peperamia, in which 
the fruits are stalked or stipitate within the flowers. 

As in many other monographic studies of extensive and 
scattered collections, embarrassment has been found here in 
the fragmentary character of many of the older specimens and 
in the paucity of data accompanying them—difficulties which 
may be evaded by Ignoring such material but which, if not, 
must carry implicitly a recognition of its defects. 

In the following revisi'oni which takes cognizance of all of 
the specimens of Ottonia that have come under my observa¬ 
tion in the great herbaria of the world, descriptions are In 
English rather than Latin. Those who are familiar with early 
post-Linnaean publications will recall that the newly devised 
binomial was commonly followed by an ablative diagnosis 
corresponding In some sense to the previously used polynomial 
designation of a species, but the insufficiency of which was 
tacitly admitted by the addition of a complementary de¬ 
scriptive paragraph. The present international agreement 
on the desirability of a latinised diagnosis of new species is 
met in the present case by a latinized key to the recognized 
species, in which their successive differentials constitute an 
adequate diagnosis—though, as in all cases, evidencing the 
need of a fuller description. 
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€LA\ 1 S SPEClEftUM 

FolU picrumquc vix ii cm. longXp basi f>btujXr 
Gkbcrrinuc- 

PcdiccLLi vise i ttitti. lonigi. 

PcdkfUi ];$crl}'icVU: falia. doDj^iitJ. 
diiiioctje 
Folia 4 cm. bta. 

FolU 3 cm. lata+ 

PcdiccUi langicTC^. 

RdjCcmi vilt 30 Trtiit. IcDgl. 

Ratceoii flubtkHagiii. 

Fdkft cordulata. 

Folia vix cordutata, 

AliqiiBDto luFtdUCf 

F^dkdli Vtl 1 min. jqpgL 
Racemi 5a mid. longi. 

Rxcemt 35 mm. longi. 

Fcdloelli longiom. 

Rac^mi 30 mm. lodgl. 

Raccmi 60 mm. loogL 
Folia pkmmque 1D-15 cm. longi. 

Follorum ratio pkrumque vix z : i. 

Pcdlcclli pcrbmmw; g^Iabrae. 

Pcdlcdli dLaunctc qvqiutL 
Glaberrimac. 

Folia b»i toutJi. 

Folia UnccoJatc-cUipiica. 

Folia sabriiofflbica. 

Folia bas\ obtuja. 

Racicmi via 50 mm., lon^i. 

Pedijtciii via Z mm^ longt. 

Pedicdli ba^iCKfc^. 

Raocmi cloit^aii. 

FcdlccUi vix z mm, lon^i. 

Fdlia baud pdtau. 

PcduDculuft 5 mm. loch|ua. 

' Folia ovau»Uiptica. 

Folia Eucnlam^lEiptica. 
PedunculuB tO cnm. long'll. 
Folia aliquot obscort tubpdttta. 
Aliquando hirtcllae. 

Folia vix corduLaiiii. 

Folia obicone cordulata. 

Fedimculkn 5-mm. longus, 

Pe^LLELCului 10 mm. tocL^s. 

Folia flon^ata. 

Glaberrimac. 

Folia bail obiidxa. 

Podicdli vix 2 mm. lougL 
Racemi vix Jo mm. longi. 

Folia bail an^Uitata. 

Folia lancipoijiita vd ciliptica. 
Folia tubrhjomboa. 


O. /i^Jiira^Oruiii. 

O. 

O- 

O. dasisjfnit. 


0 . pfKfOJC, 

C?. pimpodit. 

(?. £^rpimfolia^ 
^ncram. 


Or Uptsitaekya^ 


O. 

Or ffQtkim. 


Or Usimi. 

Or ptruBtniit. 


Or Zor/pme. 
Or 

O- paiAomna. 
On fruus^tm. 

Or tatilimkiir 

Or Mardana. 
O- jifextdv. 


O. juh^aucCr 
O. Sajito^adgnci^n^r 
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FcIIk dwrsum vix 
RAtcmi 

Folli hmfl R[i£a^itau. 

Folia qvato-lanceoJaEJ. 

Folia oblango-lannolata^ 

Folia hui ^ apguitaia. 

Folia lanccolata. 

Folia obloa^o-limccolata. 
PcdiocUi lon^iom: folia basi vis an^iiaia. 
Raccmi vix ^0 mm. loiifi. 

Raccmi fublaxtflori. 

Raccmi dcntffkirf. 

Folia subfalcata. 

Folia via falcaUw 
Folia Via midulata. 

Poctiodli haccafl brwiorts. 

• PedlccUi baccae aequantcs. 
Folia lubcordulata. 

Raocmi clom^ti. 

Raocmi subdccuiflon. 

Folia laoooplato-clliptica. 

Folia aa^tc Unccolaca. 

Racomi laxilori. 

Folia deonuEik angujtata. 

FoKa b^t\ via angu^tata. 
PeduncoluA la mm^ loqgus. 
PcduncutuA brcviA. 

Fcdictlll longiones. 

Riccml 30 mm. Loii|i. 

Raocmi cifv» 50 mm. longi. 

Raccini So mm-, longi. 

Folia bui acuta. 

Folia falcata. 

Folia via falcata. 

Aliquandp hirtdJae. 

Folia basi acuta vei angUAtata. 

Folia auguatc-lancwlata. 

Ramuli transFer^e-stnaLL 
Ramuli Via traiuTcrse-jiriati. 

Raoeinl 3 X 30 mm. 

RacomI 40-50 niiii+ \o^igu 
Folia ^ cm, lata. 

Folia bati obtUBa: raeemi iubbrcvcs. 

Pcdicclli tubflongati. 

PodiedLj via j mm. Eongi. 

Poduoculufl 5 mm, longus. 

PeduDCtilui 10 imn. longUB. 

Folia plcnunque cm. longitudiuc Aupctaiitci- 
Folia Eubcjapgata. 

Folia baai acmia; Taccmi et, pedlcelli lougi. 

Folia batiobtuia. 

Folia doomuta auguitata. 

Folia ba^l via; atigustata. 


O* EdfffoUti. 


O. propia^Md. 

O. CUTfOMrfrfP/Xf. 

O. 

^th^moniu. 


Hummm. 

0 -r 


O. 

O. foivT/p/ld, 

O. mackadofinjUr 

0 . rpt^/Wodnd* 

0^ ^podcitack^ 

O. Gfdti&a i. 

0^ Arm&ndL 

O. 

O. 


O. j^£ridfifdb/£f. 
O. j¥(N]iitfrfdftd. 

O. 

Si:kte(i£keii£\. 
0 . BuTchtUiL 

O. ioRianguine^ 
agua^Rna^ 


O. haptiji^^. 
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Fedkelt] vix. z tnm. 


RAceml vSk 70 mmr IcmgL 
Folia iS-iO ciq. Longa. 
Foiliz ]4*[6 cm. IdAgz. 


£>, mfS^Gpkyll^ 
O. Mo/fnii. 

Or 

0. 


Raccmi longl. 

P^icelll ^Eon^ziu rAumi subbrevcs. 


FoLkimm ndo pl^fumque vix z ; t. 


FolU vis corduEata. 


Pedicdli clongati. 
Racrmi tubbrcVCil. 
Rzc«nil lougt. 


0, DujfnL 
0 , p^sndif&iis^ 
0+ .ViyrfiiVJ. 


Pcdtoell! vIx z mm. lon^l. 


Foils oordukta. tExtra-brajilsccisM.) 
Raccmi d:Q|]gati. {Paraguay.) 


0 - c^n^a/^yo/id. 
O. atoro. 


Ratcmi via mm. lon^i. (TrEnidad.) 


SPECIES OF OTTONIA 


OrrONlA ACUA 13 ANA 11 . sp- 


A Dodose shrub 1+5 m. tall, ^ith somewhat hirtdlous axes; 
flowering intemcKics short; leaves lancc-elUptkj somewhat falcately 
acramidate, obtuse-based, 4,5 X S X ^4 pinnately nerved 
throughout, the nerves some 12X3, paler beneath; petiole j mm. 
long; racemes 5 X 45 “$^ peduncle scant 5 mm. long; pedicels 
scarcely longer than the flowers. 

Typf locality: Fazenda de Aguada, Vi^osa, Minas Geraes 
(Mejcia 5178), 

Distribution: East-central Brazil* 


Ottoisia albo-pu n'ctata n. sp. 


A glabrous shrub; leaves lance-elliptic, acuininate, subacute- 
based, 6 X i8 cm,, pinnately nerved throughout, the nerves some 
10 X 2, pale-punctulaie beneath; petiole scant 5 mm. long; racemes 
6 X 90-150 mm.; peduncle 5^10 mm. long; pedicels rather longer 
than the round-ovoid ovaries. 

Typf locality: Congoithas do Campo, Minas Geraes 
(Glaziou 15436); Minas (St. Hilaire 28, at Paris). 
Distribution: East-central Brazil, 

Otto.^ia Anisuw Spr.^ Neu. Entdeck. i : 255. 1S20. 

SemnU JatijfMdi Gzud. k Gyill. in Dileiscrt, Tpoh.. ^ pi qq, 18^7 
Piprf Jaborandi VdL. FL Flum, pi 5+ iSzy. " ^ ^ 

/(shorandi CVctLfflCo} Kunlh, Llftttaci, ly; 57^ 


PEPPERS OF SOUTH AMERICA 


697 


A velvety shrub; leaves subovatc-ellipttc, subaeuminatc, obtuse 
at base or slightly cordulate; 4 or 5 X lO cm., pmnatdy nerved 
throughout; petiole 5 njm. long; racemes [□ X 60 mm.; peduncle 
lO mm. long; pedicels fully 3 mm, long, exceeding the ovoid fruit. 

Type locality: Mt. Corcovado, Rio dc Janeiro (Guillemin 
728; Gaudichaud 83, 1102). 

Recognized for Sao Paulo in Mosen 16S9, 

East-central Brazil. 

Ottosia apodostachya n. sp. 

A nodose glabrous shrub; upper internodes rather elongated and 
slender; leaves subovate or broadly lanceolate, bluntly rather long- 
acuminate, rounded at base, 7 or 8 X 15-21 cm,, pinuately nerved 
throughout, the nerves some S X 2 with several intermediates; 
petiole scarcely 5 mm. long; racemes 7 X itx> mm.; peduncle 
obsolete; pedicels twice as long as the flowers. 

Type locality: Jaragua, Sta. Catharina (Hoehne 24388). 

Distribution: East-central Brazil. 

Ottonia apodostachya Vii>au n. var. 

Glabrous; heterophyllous, the leaves from narrowly oblong and 
scarcely 2.5 X 9 cm. to lanceolate and 5.5 X i8 cm., or ovate- 
elliptic and 7X15 rather long-attenuate, slightly inequi- 
laterally subcordulate; petiole and peduncle 4 mm, long; racemes 
8 X too mm.; pedicels twice as long a$ the flowers. 

Type locality: Espiritu Santo (Jose Vidal 138). 

Distribution: East-central Brazil. 

Ottoma Armondi n. sp. 

A nodose shrub with more or less persistently velvety twigs, 
petioles and nerves beneath; flowering intemodes rather short and 
slender; leaves lanceolate, more or less falcately acuminate, obtuse 
at base or somewhat cordulate, 3-5 X 13 or 14 cm., pinnately 
nerved throughout, the nerves some 12 X 2; petiole 5 mm- long; 
racemes some 8X7® mm.; peduncle 5 mm. long; pedicels twice as 
long as the ovoid fruits. 

Type locality; Carmo, Rio de Janeiro (N. Armond 156). 

Distribution: East-central Brazil. 
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Ottosia atrosanouikea (C.DC.) ti. comb. 

PipfT C.DC.^ Lltiikae^r 37;3JS. 1 S 71 . 

A generally glabrous shrub; leaves lanceolate, acuminate, the 
rounded base somewhat cordulate, 4 X or 15 cm., pinnattly 

nerved throughout, the nerves 10 or 12 X 3; petiole scarcely J mm. 
long; racemes Bubpubemloua, 5 X 60 or 7°' mm-J peduncle 5 mm, 
long; pedicels equaling the oblong-ovoid papillate fruit. 

Typf locality: Brazil” (Warming). 

Distribution: East-central Brazil. 

OxToNtA BAPTtsrANA (C.DC.) ii. comb. 

Piper hapiidmum C-DC^ Pr*d. i6^: 253, 

A gUbrou» shmbj leaves ellipticHpbbngt acuminate, the nar¬ 
rowed base slightly mequilaterally obtuse, 6X17 cm., pinnateLy 
nerv^ed throughout; petiole 2 mm. long; racemes shorter than the 
leaves; pedicels equaling the fruits. 

Typ^ locality: S, Joio Baptisto^ Minas Geraes (v. Martius). 

Distribution: East<entral Brazil. 

Ottonia BUEvisTiPiTATA (CDC) a. comb* 

Piper hrmsiipitalum C-DC, LEonaca. 371 jjS, 1671. 

A glabrous nodose shrub; flowering internodes short and 
moderately slender; leaves elliptic-lanceolate, acuminate, cordulate 
at the narrowed base, t^SS X S-12.5 cm.^ pinnately nerved 
throughoutt the nervea 10 or 12 X 2; petiole 5 mm, long; racemes 
5 X 40-70 mm.; peduncle 5 or 6 mm. long; pedicels almost sup¬ 
pressed; berries ovoid-acute^ angular. 

Typr locality: Lagoa Santaj Minas Geraes (Warming, 
13/^4/63). 

East-central Brazil. 

Though originally described from a sheet in the Candollean 
herbarium with leaves scarcely 3.5 X 13 cm. and younger 
racemes about 35 mm. long, it is represented at Copenhagen 
by a specimen with leaves 4 or 5 X 11-13 cm., and older 
racemes 45-65 mm. long; but even in this form it differs in 
more elongated leaves, shorter petiole and peduncles, and 
more obvious pedicels, from 0 . Itptostachya of Rio, to which 
it evidently is closely related. 
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Ottonia n. sp. 

A shrub, hirtelloua throughout; fiowering internodes slender; 
leaves oblong, acuminate, eordulate, 4 X 12 cm., pinnately^ nerved 
throughout; petiole 2 mm. long; racemes lO X 40 mm.; peduncle lO 
mm. long; pedicels considerably longer than the flowers. 

Type locality: Mt. Corcovado, Rio de Janeiro (Burchell 
1127, at Kew), Also: “Brazil'* {.V. Martius izio). 

DistTib-ution: East-central Brazil. 

Ottonia CARPtxiFOLiA PresI, Epimel. 229. 1849. 

Piptr titrpmiftliim (Prcsl) C.DC,, Prod. 16*: 155. iBfigi. 

A shrub with velvety axes, petioles and leaf-nerves beneath; 
leaves lance-obloug, acuminate, equilaterally eordulate, 2-3.5 X Q 
cm., pinnately nerved; petiole some 5 mm. long; racemes a8 mm. 
long; peduncle 2-4 mm. long; pedicels scarcely 1 mm. long, glabrous 
like the rachis. 

Type locality: Rio de Janeiro (Beseke). 

Distribution: East-central Brazil. 

Otton'ia Clavsseni n. sp. 

A glabrous scarcely granular herb; leaves lanceolate, gradually 
acute, the narrowed base eordulate, 3.5 X 11 cm.; petiole scarcely 
5 mm. long; racemes to X 50 or fo mm.; peduncle 5 mm. long; 
pedicels about 3 mm. long. 

Type locality: Minas Geraes (Claussen in 1840, at Kew). 

Distribution: East-central Brazil. 

Ottonia coLLicutORUM n. sp. 

A glabrous shrub; lowering internodes slender, quickly elon¬ 
gating; leaves ovate- or lance-elliptic, gradually subacuminate, 
nearly equilaterally rounded at base, 3.5-4-5 X 8-10 cm., pinnately 
nerved throughout, the nerves some 8X2; petiole 5 mm. long; 
racemes 5 X S® mm.; peduncle 5-8 mm. long; pedicels scarcely as 
long as the fruits. 

Type locality: Morro do Carvallo (Schwacke 28315); also 
Morro de Babilonia (Hoehne 24733). 

Distribution: East-central Brazil. 
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OrroTfiA CQNSANGtriNEA PresI, Epimel. 230. 1849. 

Piper puAeOUUjimtim CDC-p FxoA. 255^ 

A rusty-hirtdlcms or hairy shrub; leaves lance- or oblong- 
eliiptic, acominate^ cordulate^ 4 or 5 X J2 cni,^ pinnately nerv^ed 
throughout^ the nerves some 8 X 2t gUbresceni above; petiole 5 
mm. long; racemes 6 X 60 mm.* pedunde 5 mm. long; pedicels 
surpassing the flowers- 

Typ^^ locality: Mt. Corcovado, Rio de Janeiro (Mikan; 
also, Mendon^a 669; Schwacke 8985 or 8785)^ 

Distribution: East-central Brazil. 

Ottokia CORCOVADEXSIS Miquel, Linnaea. 20: 175. 1847: 

FI Brasil. 4^. ph 23. 

Piper (Miiir) CDC, PrmJ. 16^: 156. iS6g^. 

A nodose glabrous shrub; flowering intemodes rather slender and 
short; leaves lanceolate^ acuminate^ the narrowed base minutely 
cordulate, 3.5 X n cm., pinnaiely nerved throughout, the nerv^es 8 
or 10 X 1; petiole 5 mm. long; racemes some B X 7S mm.; peduncle 

5 mm, long; pedicels equaling the flowers. 

Type locality: Ait. Corcovado, Rio de Janeiro (Pohl 4776: 
5030). Also: Rio Parahyba (Schwacke 3349). 

Distribution: East-central BraziL 

Ottonia CDRCoVAnEssis BlanchET i (Moric.) n. comb. 

Ott&nia Btanikefi Moricand^ PI. Kouv. Ainer* $7. pi. 57. 1833^1846. 

Piper ccrmcadenjf sfjtiiifQlium ClXr.^ Prod. 16*: 15^, 18^. 

fifiifnindird MjQricand, PI, Nouv. Aflitr, pL 57, 1835-1146, 

Leaves more elliptic} 4 X ii~6 X 16 cm** corduUte; petiole 
scant 2 mm. long; racemes S X So mm. 

Type locality: Bahia (Blanchet 1094; 2958, 5519; Wawra 

6 Waby 146). 

Distribution: East-central Brazil. 

OtTOS’IA COnnULATIFOLlA n. sp. 

Piper ffpdiuin Aueu, aj to Paniguiy. 

A glabrous shrub; flowering iritemodes moderate; leaves ovate, 
acuminate} the rounded base slightly inequilateral and cord til ate, 
9-5 X 18 or 20 cm,If pinnately nerved throughout, the nerves 
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some 12X2; petiole 10 mm. long; racemes 10 or 12 X 125 mm.; 
peduncle 5 mm. long; pedicels equaling the rouDd-ovoid granular 
fruits. 

Type localiiyt Alto Parana (Ficbrig 5625, at Kcw). Also, 
Rio Yhu (Hassler 9475). 

Distribution: Paraguay. 

OtTONIA COIUJULATIFOI-IA HIRTELLA (C.DC.) h. var. 

P\p€t flPdJuFn: hifbUum C*DC^ in lurb. 

Ajces and nerves beneath somewhat velvety; leaves 8 X 17 cm., 
narrowed to the cordulate base^ petiole lo mm. long; racemes some 
10 X 90 mm., with pedkda equaling the ellipsoid fruits. 

Type locality: Sierra de Maracayu (Hassler 5103; 5387]!. 
Distribution: Paraguay. 


Ottonia oivERSiFOUA Kunth, Linnaea. ij: 578. 1839* 

Pipfr Selloi C-DC-^ Frod^ 16*: 553. 

A shrub with rather slender and short at least transiently 
puberulent intemodes' leaves oblong^lanceolate, gradually at¬ 
tenuate, the narrowed base obtuse, 3*5-4 X 13--15 cm,, pmnately 
nerved throughout, the ner\'es some 10 X 2, puberulent or hirtelloua 
on the nerves beneath; petiole 5 mm. long, puberulent; racemes 
some 8 X 40 or 50 mm-; peduncle iO mm. long; pedicels equaling 
the round-ovoid angled fruits. 

Type locality: Rio de Janeiro (Sellow)* Also i Theresopolis 
(de Moura 7®®)* Novo, Minas Geraes (? Schwa eke 

1894); 

Distribution: East-central Brazil. 

Ottonia Doucuasir n* sp- 

A glabrous somewhat gbndular-granular shrub; leaves elongated, 
lauce-Qvate, gradually falcalely long’^aeuminate, acute-based, 3 or 
3.5 X 13 or 14 cm.p pinnately nerved throughout; petiole ^-[o mm. 
long; racemes 8 X So or 60 mm.; peduncle 5 or to mm. long, 
pedicels nearly tw'ice as long as the fruits, granular* 

Type locality: Rio de Janeiro (Douglas, at Kow)* Also, 
“BraziP^ (Riedel), 

Distribution: East-central Brazil* 
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Ottonia DusEi^ii It. sp. 

A glabrous or sparingly and locally hiriellous shrub; flowering 
mternodes^ rather slender and elongated; leaves polymorphiCj 
lanceolate or typically subovate-dliptiCT acuminatet obtuse^basedj 
7*5-10 X 15-20 cm-t pinitatcly nerved throughout; petiole scarcely 
5 mm. long; racemes 8-12 X $0 mm- or more; pedicels equaling or 
surpassing the fruits. 

Typf locality: Parana (Dusen 10456). Akor Alexandra^ 
Parana (Dusen 8676, at Stockholm); also In Parana; Guara- 
tuba (Dusen 13778)^ Pradrium Merumly (Dusen I409E), 
Serra da Preta (Dusen (5326), and, with smaller leaves and 
racemes only 30 mm. long, Porto de Cisma (Dusen 524 a)* 

Disinbutton: East-central Brasil. 

Ottonia Dusen i heter.ophylla n. var. 

GlabrouS] or somewhat hlrtellous on the nodes and petioles; 
leaves broadly elliptic and 6-8 X 10 cm., or lanceolate and 4-6 
X 12-15 petiole 5 min. long; racemes in flower scarcely 8 X 60 
mm,j the pedundc 5 mm. long. 

Type locality: Pmhares, Parana (Dusen 14506, at Stock¬ 
holm), 

Ottonia Duseni variifoua n. var. 

Exceptionally slightly hirtellous about the uedes and on the 
petiole or midrib beneath; leaves elliptic-ovate and 8X15 cm., or 
lanceolate and 2X9 cm. becoming 5X15 cm.; racemes lO X 55^ 
130 mm. 

Type locality: Jaguariahyna, Parana {Dusen, Apr, 16, 
1911, at Stockholm; also Dec. 30, 1914, ^nd 9803 and 10059); 
and also in Parana; Thcrezina (Dusen iirSz) and Patrimouio 
(Dusen, Mar* 9, 1915). 

OttoxNia Eowallii n. sp. 

A glabrous nodose shrub; flowering intemodes slender and short 
but quickly elongating; leaves lanceolate to typically lance^IIiptic 
or elliptic, acuminate, round-based, 4 X 11-7 X 15 cmi, pinnately 
nerved throughout, the nerves about to X 2; petiole 5 mm. long; 
racemes some 6 X 30 mm.; peduncle 5 mm- long; pedicels little 
longer than the flowers. 
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Typ^ hcality: Ribeira de Iguape^ Sao Pasulo (Loefgren & 
Edwall 2814 = J2679)* 

Distribution: East-central Brazil. 

Ottonia elocalis n. sp. 

A glabrous but localljf BOrqewhat glanduUr-graniilar nodose 
shrub; flowering internodes short and slender; leaves broadly 
lanceolate^ acummate, the narrowed base subequilaterally obtuse^ 
6 or 7 X 13^16 cm., pinnately nerved ihrougbout, the nent^es some 
12X2; petiole 3^5 mm. long; racemes lO X 30-^50 mm.; peduncle 
5 mm. long; pedicels about equaling the ovoid pointed fruits. 

Type iora/f/y** Unrecorded (Luederw^aldt 12675). 
Distribution: ? East-central Brazil. 

Ottonia eucalyptifoua Kunth, Linnaea. 13: 582. 1839. 

Pif^n' fufoiyfitQphylium C.DC., Pnsd. 16^1 sjj, tS69.—SometLme* tpdlcd rucnlypti^ 
pkylttim. 

A nodose glabrous shrub; flowering intemodes rather thick and 
short; leaves lanceolaler acuminate^ acute-based^ 3 or 4 X 14 or 15 
cm., pinnately nerved throughout, the oervea some lO or 12 X 2; 

petiole scant 5 mm. long; racemes 5 or 6 X 60 mm.; pedunde 10 or 
15 mm. long, glandular-granutar like the ellipsoid fruit. 

Type locality: Rio de Janeiro (Gaudichaud 1100; St. 
Hilaire 29; HagendorfF 717; Peckott 81). Also, Corcovado 
(Guillemin 728; Schenk 1790). Rio Parahyba (Luschnath), 

‘ East-central Brazil. 

Ottonia eucalyptifolia olaucescens (C.DC). n. comb. 

PipfT fucalyptiphyilutn C.DC., CandollcA, i: 247, 1933. 

A sllvery-blue-green form, in the type region: Rio de Janeiro 
(Glaziou 6805). 

Ottonia rKtrTESCEKs (C.DC.) n. comb. 

Piper fruUiuni C.DC-, Linnaea, jy: jjy. 1873. 

A slender-twigged glabrous shrub; leaves subovate-cUiptic, 
acuminate, oblique and obscurely subpeltate at base with the larger 
side rounded, 5.5 X 1 i-S or 12 cm., pinnately nerved throughout; 
petiole 10 mm. long; racemes 7 X 50 or 60 mm.; pedunde scant 10 
mm. long; pedicels about equaling the angular-ovoid fruits. 
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Type ioe<ility: Lagoa Santa, Mina$ Geraes (Warming in 
1870). 

Distribution: East-central Brazil. 

Ottonia fRUTEScENS microcarpa (C.DC.) h, comb, 

Pipff frtAUsctns C-DC.^ Ltnniica. 37: 337, 1S72. 

A glabrous shrub of the aspect: of fnsUxceru; leaves elliptic- 
ovate, acuminate^ obluae and obscurely^ siibpekate at base, 7 X ij 
cin.j pinnaiely nerved throughout, the nerves sdtce lO X 2; petiole 
10 mm. long; racemes about 8 X 125 mm.; peduncle lo mm. long; 
pedicels twice as long as the round-ovoid apiculate fruits. 

Typt locality: Lagoa Santaj Minas Geraes (Warming in 
1870, in the Candollean herbarium). 

DisiTibutiont East-central Brazil. 

OtTONIA CIBBIMONTIS U, Sp. 
piptr fod\}oiium CDC-, Pr^td I6*: 353. 1069. 

A glabrous shrub; leaves subovateeliiptlc^ rather long-acumi¬ 
nate, rounded at base, 5-6 X 14 pmnately nerved throughout; 
petiole scarcely 5 mm, long; racemes as yet scarcely 5 X 40 mm., 
short-peduncled and with undeveloped pedicels. 

Type locality: Sebastianopolis, Mt. Corcovado, Rio de 
Janeiro (v. Martius). 

Distribution: East-central BraziL 

OtTOKIA GIBBl&lONTlS ACUTA TX. Var* 

Leaves 6 X 15 cin., gradually acute but not acuminate; flowers 
on eq u Hong pedicel s. 

Type locality: Top of Mt. Corcovado, Rio de Janeiro 
(Pohl 5030, at Vienna, as Piper ai^atunt). 

Distribution: Eastnirentral BraziL 

Ottoxia Glazlolt n, sp. 

A shrub, more or less puberulent even to rachis, pedicels and 
fruits; leaves lanceolate^ gradually subacuminatep the narrowed base 
cordulate or connately subpeltate, 3 or 3-5 X ii -!5 cm., plnnately 
nejT'ed throughout; petiole scarcely 5 uim. long; racemes about lO 
X 50 or 60 mm.; peduncle 5 mm. long; pedicels about 3 mm^ long, 
rather exceeding the ellipsoid fruits. 
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Type Ideality'. Rio de Janeiro {Glaziou 6001, at Berlin). 
Distribution: East-central Brazil. 

OtTONIA CltANDIFOUA n. sp. 

Piptr mAttopkyllu.m C-DC,, Pro<!. l&i 153. lSi69^ 

A glabrous glandular-granular shrub; leaves o%’ate, subacu¬ 
minate, rounded at base or cordulaie, 9-11.5 X zo-zi cm., or, 
upwards, ovate-lanceoUte and 5 OMa., pinnately nerved, the 
nerves some 10 X 2, obscurely puberulent neat the margin beneath; 
petiole about 5 mm. long; racemes 10-15 X 120 mm.; peduncle scant 
10 mm. long; fruits ovoid. 

Type locality: Minas Geraes (v. Martins), 

Distribution: East-central Brazil. 

Ottosia Hai^imar.! n. sp. 

A nodose glabrous shrub; leaves lanceolate or eltiptic-sub- 
lanceolate, gradually subacuminate, round-based, 4'-5.5 X 10—13 
cm., pinnately nerved throughout, the nerves some 10 X 2; petiole 
scarcely 5 mm. long; racemes some 10 X 30 mm.; peduode 5 mm. 
long; pedicels rather longer than the ovoid fruits. 

Type locality: Cantareira, Sao Paulo (A- Hammar 4551 
= 126^). 

Distribution: East-central Brazil, 

Ottoxia Hoehnei n. sp. 

A nodose glabrous shrub; flowering intemodes slender and rather 
short; leaves subrhombic-lanceolate, sharply long-attenuate-acu- 
minate, subcuneate, 4.5 or 5 X 12 or 13 cm., pinnately nerved 
throughout, the nei^'es about 10 X 2; petiole 5 mm. long; racemes 
5 X 80-120 mm.; peduncle 5 mm. long; pedicels somewhat longer 
than the flowers. 

Type locality: Butantan, Sao Paulo (F. C. Hoehne 2480). 
Also, Loefgren 1425 ~ 12672. 

Distribution: East-central Brazil. 

Ottosia Hookeriana Miquel, Hook. Lend. Journ. Bot. 4; 

470. 1842- 

Pipff GarJn^ii Cr>C.^ Prad, i 6 h 554, 1869. 

A shrub with twigs and petioks puberulent when young; leaves 
oblopg-lanceolate, acuminate, narrowed to the base^ 2-4 X 14 or 15 
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cm.s piDpately nerved throughout^ the nerves some lo X 2; petiole 
scarcely 5 mtn. long; racemea 6 X 30 mm.; pedtincle 5 mm. long; 
pedicelfi equaling the flowers. 

Type locality: Minas Geraes (Gardner 5186). 

Distribution: East-central Brazil. 

OtTOSIA ITUANA Ci. &p. 

A glabrous shrub; flowering intemodes short and slender; leaves 
suhovate-elliptic^ acuminate, cordulate-rounded at base, 7 or 7.5 
X 14-16 cm,, pinnately nerved throughout, the white nerves some 
12X2; petiole scarcely 2 mm, long; racemes 8 X 90 mm.; peduncle 
5 mm. long; pedicels scarcely twice as long as the ovaries. 

Type locality: Itu, Sio Paulo (-18268^ Mar. 25^ 1897)■ 

Distribution: East^rentral Brazils 

Ottonia jAKEiitOEKSis (C.DC.) u, comb. 

janeifOfnjf C^DC^h Lmmca. 37 e 339. 1872. 

A glabrous shrub; flowering internodes slender and at first rather 
short; leaves lanceolate, acuminate, narrowed and subacute at base, 
some 2^5-4 X ll cm.; petiole scarcely 5 mm. long; racemes some 
8 X 100 mm.; peduncle 5 mm. long; pedicels longer than the round- 
ovoid fruits. 

Type locality: Rio de Janeiro (Lund). 

Distribution: East-central Brazils 

OttOXIA LANCEFOLlA m sp. 

A blue-green glabrous shrub; flowering mteroodes slender and 
rather elongated; leaves lanceolate, gradually long-attenuate, 
narrowed but obtuse at base, 3.5 or 4 X 13-15 cm., pinnately nerved 
throughout, the nen-es some 12X2; petiole 10 mm. long; racemes 
S or 10 X mm.; peduncle 10 mm. long; pedicels about 

equaling the fruits. 

Typf locaiity: Vigosa, Minas Geraes {Mexia 4499). 

DiiiribuUon: East-central Brazil. 

Ottonia latilimba (C.DC.) n. comb. 

Pififr Sfthi C.DC., Hotizbl. Bfit, Gart, B^rlm. 7: 464. 1917* 

A glabrous slcnder-twigged shrub; leaves subrhombically lance- 
ovate, rather lorg-acuminate, round-based:, 5 or 6 X tj or 13 cm.. 
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pinnattly ner^xd throughout; petiole scarcely 5 mm* lonjg; racemes 
5 X 70 mm*; peduncle to mm. long; pedicels scant twice as long as 
the flowers. 

Typr locality: Brazil” (Glazioo 19865). 

Distribution: East-central Brazil. 

Ottokia leptostachya Kunth, L[nnaea« 13: 586* 1839. 

Pip/r C.DC.j tVdd. l&i ^54. 

A nodo$e glabrous shrub; fioweringiutetnodes quickly elongating; 
leaves elliptic or la nee-ell iptic^ acuminate, the base abruptly some¬ 
what cordulate-acute^ X 14 or 15 cm., pianalety nerved 

throughout, the ner^'es some 10 or iz X 2 ; petiole 10 mm- long; 
racemes 5 X 70 or 80 mm.; peduncle 5 mm. long; fruits dask- 
shaped^ nearly sessile. 

locality: “Brazil” (Sellow 7201 1189). 

Diytribution: East-central Brazil. 

Ottonu Loefgkeni n. sp. 

A glabrous shrub; flowering internodes slender and moderately 
short; leaves elliptic-ovaie^ rather abruptly sharp-acuminate^ 
rounded at base, £ X 10^ X 17 cm.^ pinnately nerved throughout^ 
the nerves about to X Z; petiole about 5 mm. long; racemes 9 X 70 
or 80 mm.; peduncle 5 mm. long; pedicels twice as long as the 
flowers. 

Type tocalny: Piritubaj Sao Paulo (Loefgren 1552 = 126S1). 

Distribution: East-central Brazil. 

Ottonia MAtHADOBXSis (C.DC.) h. comb. 

Ptpdr macfuttla^nje C.DC^* Prud. 16*: 254, l86g. 

A glabrous shrub; leaves lanceolate or subovate to lanc^-ovate* 
acuminate, acute or acutish at base^ 4.5 X 14 cm., pinnately nerved 
throughout, the nerves 8 or lo X z; petiole very short (3 mm.}; 
racemes nearly as long as the leaves; peduncle very short; pedicels 
twice as long a$ the flowers. 

Type locality: Rio Machado* Minas Geraes (Lindberg). 

Distribution: East-central BraziL 
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OrroNiA MACiLOPKrL:.A Kuntk, Linnaea. 13: 383. 1S59, 

PipiT liayKfanum C^DC.+ Prtid. l6^: 255. 1S69. 

A nodose glabrous shmb; flowering intemodes slender and 
comparatively short; leaves laDce-eUiptic, attenuate-aeuminate, 
round-based or the upper acutish, X iB or 20 cm., pinnatdy 
nen^ed throughout^ the nen^es some 12 X 2; petiole 10 or 15 mm. 
long; racemes [6 X bo mm*; peduncle 5 mm. long; pedicels rather 
exceeding the flowers. 

Typ^ locality: Rio de Janeiro (Sellow; Widgreit): also; 
Tejuca (Ule 4472); Theresopolis (de Moura 988^ 991, 994, 996)* 
Distribution: East-central Brazil. 

Ottonia macrostachya Mart, in Miquel, Linnaea. 20: 176, 
1S47; FI. Brasil. 4^. pL 2 Z* 

Pip^ jibaitietnopoiitfnj^ C.DC., Pftid. i 6 \ 251, tS^g. 

A glabrous nodose shrub; leaves lance-elliptic, acuminate, acute- 
based, 7 X 20 cm., pinnately nerved throughout, the nerves some 
12X2- petiole 10 or 15 mm. long; racemes 10 or 15 X 125 mm.; 
peduncle ro mm. long; pedicels granular, longer than the granular 
fruits* 

Type locality: Sebastianopolis, Rio de Janeiro (v. Martini): 
also; Corcovado (Miers 3289). Rio (Riedel 16; Glazlou 
6004, 8074). 

DistriltutioTi: East-central BraziL 

Ottokia Martiasa Miquel, Linnaea, 20: 1^8. 1847, 

PififT C.DC* Prod. iS*: 1^69, 

A shrub, scarcely 2 m. tall, from generally puberulent 
glabiesccnt; leaves ovate- or broad-elliptic, long-acuminate, 
cordulate;*6 X si or 13 cm., planately nerved throughout, the 
nerves about 8 X z; petiole 3-4 mm. long; racemes 40 or 50 mm. 
long; peduncle 5 mm. long; pedicels elongated. 

Type locality: “Brazil” {von Martins). 

Mil on.* ? East-central Brazil. 

Ottonia Mendoncae n, sp. 

A glabrous shrub, glandnlar-grajiular even to the pedicels; 
leaves huce-elliptic, acuminate, rounded at base, 5.5 X 14 cm.. 
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pmnatdy nerved throughout, the nerves about lo X i; petiole 
scant 5 mm, long} racemes 10X3S rnm.; peduncle 5 mm. long; 
pedicels about 3 mm. long. 

Type locality: Mt. Corcovado, Rio de Janeiro (Mendon^a 
669, p.p. at Berlin). 

Distribuiiont East-central Brazil. 

Ottonia Mexiae n. sp. 

A nodose shrub, i m. tall; flowering Intemodes slender and 
rather short, sparsely hirtellous- leaves ovate-elliptic or lanceolate, 
acuminate, obscurely cordulate, 4 X 10-6 X li cm., firm and paler 
beneath, plnnaiely nerved throughout, the nerves, 8 or 10 X z, 
pubemlent beneath; petioles long, hirtellous; racemes 10 X 45 
mm.; peduncle 5 mm. long, hirtellous like the rachis and pedicels 
which arc scarcely longer than the fruits. 

Type locality; Barbada, Vi9Qsa, Minas Geraea, at 6B0 m, 
(Ynes Mexia 5160). 

Disiribiition: East-central Brazil. 

Ottonia Mexiae fertilior n. var. 

Leaves more prevailingly lance-elliptic; racemes 12 X yo-ioo 
mm,, with pedicels twice as long as the fruits. 

Type locality: Barbada, at 710 m. (Meiia 4587; 4619). 

Ottonia miguelitensis n. sp. 

A small nodose glabrous bluc-green shrub; flowering intemodes 
rather slender but typically short; leaves rhombic-elliptic to 
lanceolate, subacuminate, obtuse-based, 3.5-5 or 6 X 10~i2 or 14 
cm., pinnately nerved throughout, the nerves some jo X z, drying 
hard; petiole 5 mm, long; racemes 8 X 60-90 mm.; peduncle scant 
5 mm. long; pedicels scarcely equaling the fruits. 

Type locality: Sao Miguel road, Vi^osa, Minas Geraes, at 
690 m. (Me.tia 4964, 4964 d); also, above Vi^os nos. 470 ^, 

4573 ^^ 4499 > 4 ! 37 . 4 ^ 7 ^)- 

Dtstribntion: East-central Brazil. 


710 


WILLIAM TRELEASE 


OrroifiA MiGUEi-iTENsis LOKClPES n. var. 

A mtsre lanceolate-fotiaged sparsely hirtellous form with leaves 
2.5-6 X li-iS cm., the racemes [0 X So mm., and the pedicels 
longer than the fruits. 

Type locality: Fazenda de Guaciuma, Vltosa, at ycxj m. 
(Meiia 4702). 

■ OtTONTA WIGUELITENSrS PARCEPILOSA li. var. 

A vtzy variable shrub with very sparingly hirtellous ases; 
leaves rhombic-elliptic and as much asS X 15c m, or lanceolate and 
4-6 cm- wide; racemes 8 X 60-1 lo mm, with pedunde and pedicels 
as in the type. 

Type locality: Areponga to SSo Miguel road (Meiia 4676 b 
and (t). 

Ottonia Mosemi n. sp. 

A glabrous shrub; flowering intemodes slender and rather short; 
leaves subovate or upwards lanceolate, gradually acute rather than 
acuminate, somewhat convallately acute at base, 5-7 X 14-16 cm,, 
pinnately nerved throughout, the nerves about 10 X 2 with some 
intermediates, paler beneath and drying chartaceoua; petiole 5-10 
mm. long; racemes some 5 X 65 mm,; peduncle 4 mm. long; pedicels 
twice as long as the young ovaries. 

Type locality: Serra de Caracol, Sao Paulo (Mosen 1689, 
at Stockholm). 

Disinhution: East-central Brazil. 

Ottonia Moelleri n. sp. 

A transiently puberulent or glabrous shrub; flowering intemodes 
moderate; leaves ovate or elliptic-ovate, acuminate, obtuse-based, 
8,5 or 9 X 17 cm,, pinnately nerved throughout, the nerves 8 
or to X 2; petiole 5 mm. long; racemes scarcely SXbooryomm.; 
pedunde 5 mm. long; pedicels at length surpassing the flowers. 

Type locality: Elumenau, Sta. Catharina (Fritz Mueller 
459; Dr. Guill. Mueller In 1884, at Berlin). 

Distribution: East-central Brazil. 
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OrroNiA Novaesii n. sp. 

A glabrouj shrub; flowering internodea rather short and slender; 
leavea lance-elliptic, acuminate, acute-based, 6-^*5 X 14 or 15 cm., 
pinna tely nerved, drying pale and coriaceous, con vallate at base; 
petiole 5 mm. long; racemes 7 X 40 mm. or more; peduncle scant 
5 mm, long; ovaries subovoid, gradually exceeded by the elongating 
pedicels. 

Type Locality; Campinas, Slo Paulo (Jose de Campos 
Novaes 504, in the U. S. National Herbarium). 

Disirihution: East-central Brazil, 

Ottonia ovata (Vahl) n. comb. 

Piprr V^hJ, £clo^. pL 1* 1796. 

F^ii Ruachi Lliuiafi. tjt 565+ tS^g, 

A nodose glabrous shrub; flowering inter nodes moderately stout 
and short; leaves elliptic-ovate, acuminate, rather abruptly subacute 
■at base and cordulate, 7 or S X [5 or i6 cm., pinna tely nerved 
throughout, the nerves some 8X2; petiole 5 mm. long; racemes 
S X JO or 60 mm.; peduncle 10 mm, long; pedicels equaling the 
ovoid papillate fruits. 

Type locality;'Trinidad (Ryan). 

Distribution: Trinidad, in the Leeward Islands. 

Ottokia ovata stenostachya n. var. 

Leaves corduUte but scarcely narrowed at base; petiole and 
peduncle 5 mm. long; racemes 5 mm. in diameter. 

Type locality: Trinidad (Fendler 669, at Paris). 

Ottonia padifolia Kunth, Ltnnaea. 13: 5S0, 1839. 

Pip^ piidifoUum (KuntH) CDC, 16^1 355. 

A glabrous nodose shrub; flovLcring intemodes slender and 
moderately short; leaves oblong- or subovate-elliptic, acuminate, 
rounded at base and slightly cordulate, 3 or 3.5 X 6.5-9.5 cm., 
pinnatdy nerved throughout, the nerves 6 or S X 2; petiole almost 
suppressed; racemes short (10 X 20 mm,); peduncle 10 mm. long; 
pedicels 3 mm. long, about equaling the round-ovoid apiculate 
fruits. 

Type locality: “Brazil'’ (Sellow 230, 716), Also; Organ 
Mountains (Gardner 5862), 

Distribution: East-central Brazil. 
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Ottonia falhosaka n. 

A gUbrous shrubupper iDtemodeg rather slender and sub- 
elongated; leaves elliptic^ sharp-acuminaie^ roiinded at base or 
downwards subobliquely a exited 7.5 X 15 em.j pin ua tel 7 henp'ed 
throughout, the nerves some 12X2 with intermediates; petiole lo 
mm. long; racemes lo X 60 or So mm.; pedunde 10 mm. long; 
pedicels about twice long as the flowers. 

Typif locality: Palho^a^ Florianopolis (Hoehne 24462). 

Distribution: East-central Brazil. 

Ottoxia pefuibensis n. sp. 

A glabrous shrub; flowering internodes rather short and slender; 
leaves ovaic^ or subthombic-elliptic, acuminate, somewhat inequi- 
laterally obtuse at base, 6.5 X 14-S X 15 cm.* pinnately nerved 
throughout, the nerves some IQ X 2 with intermediates; petiole 
5-10 mm. long; racemes some 10 X 40 mm.; pedunde 5 mm, long; 
pedicels twice as tong as the conic-ov'oid fruits. 

Typr locality: Peruibe, Sao Paulo (Loefgrcn 1625 = 12677). 

Distribution: East-central Brazil. 

Ottonia praecox (C,DC.) n. comb, 

Pip^ prmQX C-DC t Anil. Gnnsenr, ^jcnevs. 2: 254. jSg.®, 

A dvrarf shrub* glabrous except for the transiently puberulent 
exvigs and nerves of the leaves; leaves lance-elliptic, acuminate* 
obtuse-based or cordulate, 3 or 3.5 X 7-to cm,* pinnately nert'ed 
throughout* the nerves some S X 2; petiole scarcely 5 mm. long; 
racemes scarcely 5 X 50 mm.; peduncle scant 5 mm. long; pedicels 
about equaling the round fruits. 

Type locality: Minas Geraes (Weddell). 

Distribution: East-Central Brazil, 

Ottonia fropinqua Kunth* Linnaea. ij: 583. 1839. 

A glabrous nodose shrub; flowering internodeS slender and 
moderately short; leaves ovate- or elliptic-oblong, acuminate, 
iaequilaterally rounded at the narrowed base* 3 or 6 X 13 or 14 cm., 
pinnately nerved throughout; petiole scant 3 mm. long; racemes 
5 X 80 mm.; peduncle 5 long; pedicels some 2 mm. long; 
fruits round-ovoid. 

Type locality: “Brazir’ (Selloxv 232). 

Distrihution: East-central Brazil. 
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Ottonia PTEaopODA MoRiCAS’D, PI. Nouv. Aoier. 88, 

1833-184.6. 

P'\p*r pfcwperfon (Mor.) C DC, Prsd. | 61 : 255. 1869. 

A shrub, with aies [Ktiolee and n«^rves beneath velvety; leaves 
obloaf-clliptic, acuminate, rounded at base or cordulate, about 4 
X to or II cm., pinnately ncrvi'ed throughout, the nerves about 
10 X 2; petiole 3 mm. long; racemes some 5 X 35 mm.; peduncle 
S mm. long; pedicels longer than the flowers. 

Type locality I Bahia (Blanchet i960; 1946, and without 
number at Paris). 

DistrihuttoTi: East-central Brazil. 

Ottonia Riedeui n. sp, 

A shrub?; glabrous; flowering internodes short and slender; 
leaves subovate-lanoeolate, acuminate, rounded at base, some 3-4 
X 8-10 cm.; racemes 5 X 6o-?o mm,; peduncle 5 mm, long; 
pedicels longer than the flowers. 

Type locality: "Brazil” (Riedel). 

Distribution: East-central Brazil. 

Ottonia rio-feioana n, sp. 

A nodose glabrous shrub; upper iotemodes short and slender; 
leaves broadly lanceolate or lancc-elliptic, gradually subacuminate, 
the narrowed base commonly obtuse on one side, 4.5-6 X 1 1-14 
cm.^, pinnately nerved throughout, the nerves about 10 X 2; 
petiole s -8 mm. long; racemes to X 40-70 mm.; peduncle 10 mm! 
long; pedicels twice as long as the flowers. 

. Type hcahty: -(Rio Feio expedition 12666). 

Distribution: East-central Brazil. 

Ottonia santa-annae n. sp. 

A glabrous shrub; flowering internodes rather short and slender: 
leaves oblong-lanceolate and 3 X 10 cm. or lance-elliptic and 5 X 14 
cm., acuminate, rounded or obscurely cordulaie at base, pinnately 
nerved throughout, the ner^-es some 10 X 2; petiole scarcely 5 mm. 
long; racemes 10 X 5^ mm., dosely flowered; peduncle scarcely 
5 mm. long; pedicels about equaling the ovoid maturing fruits. 

Type locality: Sta. Anna, Sao Paulo (-5786 = 7183). 

Distribution: East-central Brazil. 
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Ottonia SA?rrA-^i.iTAXA n. sp, 

A slcdder-twigged shrub with aieSj nerves be death and even 
fruits micDDseopkally papilUte-puberulent; leai'^es lance-elliptic, 
acuminate^ acute-based, 4^6 X 1 1-14 cm.j pinnately nerved through¬ 
out; petiole scant 5 mm. long; racenies 10 X 30 mm.; peduncle 5 
mm. long; pedkels twice as long as the round-ovoid fruits. 

locality: Santa Rita, Minas Geraes (Schwacke 11326^^ 
in the Candollean herbarium). AlsOj Serra dos Orgaos (no. 
4^S9). 

Distribution: East-central Brazil. 

The type Qumber at Berlin is not appreciably puberulent 
and has racemes 6o mm. long. 

OtTOKIA SANTA-LUDOVJCIANA Tl. Sp. 

Ottimia pTopinjita /, Miqucl, FI. Br»siE. 4’: 66 . 185*. 

A glabrous shrub; leaves rhombic, gradually subacumlaate, the 
narrow base obscurely auriculate, 6.5 X 16 cm., pirnately nerved 
throughout; petiole 5 mm. long; racemes 8 K 40 mm.; peduncle 
nearly 10 mm, long; pedicels shorter than the ovoid fruits. 

Type locality: S, Ludovicus island, Maraguani (von 
Martius). 

? East-central Brazil. 

Ottoxia Schwacxeae n. sp. 

A shrub; glabrous, or the midrib beneath and the peduncle 
sparsely and fugaciously hirtellous; twigs slender; leaves sub- 
rhombically elliptic, acuminate, gradually acute at base but 
minutely cordulate, 6 X 14 cm,, pinnately nerved throughout, the 
nerves about 8X3; petiole scarcely 5 mm. long; racemes 5 X 30 
mm,; pedicels about twice as long as the flowers. 

Type hcality; Blumenau, Sta. Catharina (Anna Schwacke 
505S, in the Candollean herbarium). Also, S. Francisco, 
Sta. Catharina (Ule 200). 

Distribution: East-centra] Brazil. 

OttoNIA STATIOXIS n, sp. 

A glabrous shrub; flowering intemodes moderately stout and 
elongated; leaves lance-elliptic, acuminate, slightly cordulate at the 
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rounded base, 6.5 X 19 cm., pinnatcly nerved throughout, the 
nerves some 12X2; petiole scarcely 5 mm. long; racemes to X 6o 
mm.; peduncle 5-10 mm, long; pedicels much longer than the 
dlipsold angled fruits. 

Type locality; Bahia (Blanchet, without number, at 
Paris). 

Distrihutton: East-central Brazil. 

OtTONIA STRIATICAULIS U. Sp- 

A shrub, somewhat -V'elvety upwards; twigs sulcate, transversely 
striate; leaves narrowly lanceolate, very gradually pointed from the 
middle, acute-based, 3 X 13 cm,, pinnately nerved throughout; 
petiole 5 mm. long; racemes 5 X 20 mm. (? or longer); peduncle s 
mm. long; pedicels about as long as the flowers. 

Type locality: Tunela (Hb. Endlicher). Also, Locaja 
(Mikan). 

Distribution: -Brazil. 

OrroNiA suBGLAuoA (C.DC.) n. comb. 

Hfer nAgtautun C.DC^ linasea, 37; 337. 1871, 

A glabrous nodose shrub; flowering Intemodes slender and rather 
short; leaves elliptic or subovate-elliptic, 3 or 6 X 10 or ta cm., 
pinnately nerved throughout, the nerves some to X 2, coriaceous, 
pale beneath; petiole scarcely 5 mm. long; racemes 8 X 70 mm.; 
peduncle scarcely 5 mm. long; pedicels about equaling the acutely 
ovoid angled fruits. 

Type locality: - (Warming 1/38/64). 

• Distribution: East-central Brazil. 

OtTONIA TAPERASfA n. 8p. 

A somewhat nodose glabrous shrub; twigs slender and moderately 
elongated, darkening; leaves variable, lance-oblong and 3.5 X 13 
cm., broadly lanceolate and 5.5 X 15 cm., or lance-ovate and 5X12 
cm., acuminate, obtuse-based, pinnately nerved throughout, the 
nerves some 8X2; petiole scarcely 5 mm. long; racemes 7 X 60 
or 70 mm.; peduncle 10 mm. long; pedicels 2 mm. long, eiceeding the 
young fruits. 

Type locality: Palmares, Tapera, Pernambuco (Pickel 2789, 
in the U. S. National Herbarium as sheet 1541640). 

Distribution: Northeastern Brazil. 
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OtTONIA UsTEMl n. sp. 


A glabrous shrub; upper intemodea rather short and slender, 
becoming striate-ddgcd; leaves elliptic or subovate-elliptie, more or 
less acumlaate, obtuse^based^ 5 X 10-7,5 X 13 cm,, pinnately 
nerved throughout, the ner\.^es about 10 X 2^1 paler beneath; 
petiole 2 or 5 mtn. long; racemes 7 X 40 mm.; peduncle scant 5 mm. 
long; pedicels twice as long as the flowers. 

Type iocaiity: Sao Caetano, Sao Paulo (A. listen 12683, 
Nov, 16, 1907^ at the InsdtQto Biologico, S. Paulo), 
Distribuitont East-central Brazil. 


SPECIES EXCLUDED PROM OTTONIA 


Omnia Carpt^nya Mquet 
Ouonta giaucfjtrns \iiqucl 
DfiDhid KktuckUna Xuaitli 
^^143 la^m Kunth 


PipjT Carpunya 
Ptpfr darvjunif 
PipfT KuTllkian^Lm 
Pip^ HoJ^tnanni^g^iansm 
PipfT LfSJfriianittn CJ>C. i3i69* 
Not CDC. TS64 

Ptp^r 

Pip^ mbanum 
PipfT JpkdrtCcarpum 
Armmnm siipttlmta 
Pip^^ngtikukturnffidilnd. Kew, 
Pip/r ifarak^sfeurana. 



OiimfA pQkikna NEquel 
C^nid puncma GrficbAch 
Omnia spksiTOcarpa Cl'iMlb^ch 
liiptdiiifa Prml 
h:if£«ia«/dra Heyid. 
Omnia Mtquel 



THE SPECTRUM OF NOVA HERCULIS IN THE 
VISUAL REGION 


K. T. BOBROVNEtOFF 

Introduction 

Nova Hercuus was discovered by J. M. Prentice, of 
StowmarLet, England, on the morning of December 13, 1934. 
It appeared at the worst possible time of the year so far as 
observing conditions were concerned. The right ascension 
of the sun was only one hour less than that of the Nova at its 
discovery. During the first part of the period of the Nova's 
naked eye visibility from December 13, [934 to the beginning 
of April, 1935 it could be observed only immediately after 
sunset or just before sunrise. Had it appeared half a year 
later it could have been observed the whole night, 

Nova Herculis differed considerably in its behavior from 
other novae studied heretofore. It reached its primary maxi¬ 
mum of first magnitude by December 23, 1934. Two days 
later It dropped two magnitudes after which it fluctuated 
between second and third magnitude for a whole month. 
After a drop to the magnitude of 3.7 on January 30, it rose 
again to second magnitude by February 6. After that date 
it declined in brightness with numerous fluctuations, slowly 
for a month and very rapidly after April i, 1935. After 
sinking to thirteenth magnitude early in May, it brightened 
up again to a secondary maximum of 6.5 magnitude in the 
middle of August. This behavior of Nova Herculis was in 
many ways parallel to Nova Aurigae of 1891, but differed from 
the rest of the novae in its great decrease in brightness between 
the beginning of .April and the middle of July, 1935, 

The spectrum of Nova Herculis was unusual in the early 
appearance of the forbidden lines of neutral oxygen which 
appeared a few days after the primary maximum. The 
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presence of the cyanogen ’ and Swan * absorption bands near 
the time of maximum is wholly unprecedented. 

Finally, the discovery of the duplicity of Nova Herculis 
makes it a new star of exceptional interest. Only one other 
object of this kind, namely Nova Pictoris,* showed two or 
even three components. 

Our information on such a transient celestial phenomenon 
as a nova is necessarily fragmentary. Therefore all material 
on the nova, however scant it may be. Is of interest. It is of 
course premature to construct an elaborate theory to explain 
the puzzling features of the nova until all the available ma¬ 
terial is studied and published. However, some understand¬ 
ing of the nature of these mysterious objects can be gained 
by a careful study of the spectrographic material obtained 
* at any one observatory. 

At the Perkins Observatory the first spectrogram of the 
Nova -was made on the morning of January 3, .41 together 
30 spectrograms on 17 nights were obtained in the interval 
between January 3 and March 31, 1935. 

Since it was evident that most observatories would con¬ 
centrate their efforts on obtaining spectrograms in the 
photographic region, it was decided to study the spectrum of 
the nova primarily in the visual part of the spectrum between 
H. and H<. 

The main purpose of this paper is a detailed study of the 
structure and behavior of prominent emission and absorption 
bands in the visual part of the spectrum. In Nova Hercuiis 
these features include the radiations of oxygen, hydrogen, 
sodium and Ionized iron, An investigation of fainter bands 
and lines must be left for the future. 

The list of the plates is given below in table i. 

These plates were obtained with the Yerkes auto-colH- 
maiing spectrograph attached to the 69-lnch Perkins reflector. 
All plates except Nos. 8 and 9 were taken on iF Kastman 

^Si-nford, FuifL 47, 209^ 19^5, 

*LindbUd and Otimirt. Suw**#/™, Ke. 19. 1935. 

• Spencer Jones, /fnKgSj Capr Oh/nralary^ ic, part 9, 19J]. 
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TABLE I 


List or Puma 


No, 

1 Ob*. Nq. 

U.T. IMJ 

DuntLen 
of Exei, 

ObKfvef 


[ 

Y17O 

Jan. S.49S 

47“ 

B 

» 

3 

Y171 

Jan. S.S14 

13 

C;B 


3 

1 Yi 72 

J3D4 I [493 

3+ 

B;H7 


4 

Yi 7J 

Jan. II.S13 

16 

B; Hv 


S 

ym 

Jan. 13.453 


BsMjr 


6 

P477 

Jail. 1S.476 

60 

Hy 


7 

P47« 

J3D. 15.506 

11 

Hy 


n 

P+79 

Jtn. [1.513 

7 

Hy 

Film 3F 

9 

P+81 

Jan. 33,5C» 

3 S 

Hy 

Piiinifc HyrerpreM 

10 

P48j 

Jan, 33,147 

SP 

Hy 


11 

P4SB 

Jan, 354901 

SO 

Hy 


13 

P4»9 

Jan. 30.^ 

65 

Hy 


13 

Y176 

Jan. 30.503 

3S 



14 

P491 • 

Jan. 51.446 

67 

Hr 


IS 

V177 

Jan. 51.493 

60 

Hy , 


16 

V179 

Feb. 3433 

15 

C 


17 

P49+ 

Feb. 6455 

90 

Hy 


]3 

P495 

Fcb^ 6499 

30 

Hy 


19 

Y180 

Fch. 7466 

S7 

B 1 


30 

P497 

Fck 134I4 

68 

H 


31 

YlSi 

Feb. 13465 

7S 

C 


33 

YiSz 

Feb. 34.597 

90 

C;B 


33 

Yl^$ 

Feb. 34.446 

4^ 

C;B 


34 

yi84 

Feb. 14.477 

40 

CjB ^ 


3 S 

P5Q3 

Mar. 1441 

BO 

H 


26 

YiSj 

3413 

110 

c 


17 1 

Yi»6 

Miar. 3469 

5P 

c 


3S 

Yiflj 

Mar. 9.576 

150 

c 


39 

vm , 

Mar. 9455 

70 

c 


3^ 

YjS 9 

Mar. 30.573 

33s 

c 



emulsion with a grating, giving an average dispersion of 26.6 A 
per mm. The region between and is in good focus. 
These lines arc overexposed on all the spectrograms which 
show a continuous spectrum. 

Observers are Bobrovntkof (B), Hj^nek (Hy), Cobb (C), 
Henyey (H). 

All the wave-lengths have been reduced to the sun, and are 
expressed in 1 . A. The displacement factor « given for ab¬ 
sorption lines is (AA/X)io*. The corresponding radial veloci¬ 
ties are a = 30 s in km./sec. 
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In the following description of the spectrum frequent refer¬ 
ence has been made, for purposes of economy" of space^ to the 
and sides or components of spectral lines. 

These expressions make little sense when the whole line is 
situated in the red part of the spectrum* This is merely an 
effort to avoid such cumbersome phrases as “the side of the 
line toward the shorter (or longer) wave-lengths,” 


Neutral Oxyobn 


The most striking feature of the spectrum of the Nova in 
the visual region during the period under consideration was 
the emission lines due to forbidden transitions in neutral oxy¬ 
gen. According to Bowen ^ the transitions and ivave-Iengths 
are as follows; 


Tranfltkin 

*Pl - IS 
- IS 

*P, - *D 

ap, _ ID 


TABLE i 
% 

2971.31 

5577^34 

6300.23 


Occtumce 
Never observed 
AufiorA iLoc 
Observed in nebula 
Observed La nebula 


In the $pectrum of the Nova the three latter lines were 
present during the whole period of observation. The aurora 
line was comparatively faint but the other two were among 
the Strongest in the whole spectrum, X 6300 being always 
considerably stronger than X 6363. 

These forbidden lines emerged * in the spectrum of the 
Nova on December 25^ 1934 * ^he first plate of our series^ 
Januarj' 5.492, the lines are distinctly visible, but X 6365 
cannot be measured on. account of heavy absorption lines at 
XX 6354.4, 6365.9 and 6371.2. 

On the first plate the lines, or rather bands, X 6300 and 
^5577 emission, without a trace of absorption asso¬ 

ciated with them. They are about 12 A in width and do not 
show much structure, except for the fact that the red edge is 
somewhat stronger than the violet. 

®oon the edges of these lines become pronounced. 

I, I 9 JS. 

* Stoy and Wtie, Pabi. 47 , 61 , 
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They are plainly visible on the spectrogram of January 12. 
Generally speaking the middle of the lines was getting weaker 
in comparison with the edges as the time went on, although 
there were occasional departures from this rule. 

TABLE 3 

Fqiibiddc^ Qx?fOE:T 




Smvji^n 

! 7 




£3fitc 


^6300 

^5577 


W 


1 IF 

AX 

fF 

AA. 

>11. ......... 

>n, 5.514,... 

Jin, 11491.-r-x .. 


— 0 Sc 

flrT4 

*3^3 

ia-5i 

12.67 

T-O fitt 

—0,16 
-0.34 
^046 

1147 

' 10J6 

+0-7® 

—0.16 

Jin. .. 

] ■■*"4a 

4^1 3 

Jiiix 134^5 .. 



-0,53 



J»a. ... 

J»a. iS.jofi. .. 

Jan. 15.547. ... 

11 .-sa 

T OT 

12.00 

12^63 

XI4B 

— O.OD 
“0.2j6 
—oj6i 

_ 

4*0.75 

Jia. iB49a,x... 


Liivl 

E> A’t 

13.56 

i+^iS 

1493 

14.61 

tS-oi 

146$ 

hH 

1 1 1 1 M 1 1 1 1 

tOQOOQi^Qp^ 

: Jg .g “I ^is i 

11,93 

J*n, 30^ .. 

JiCV. 3040a.., .. 

15.19 

lS-40 

14.21 

1 w^--43 

-0.55 

“0J4 

—0,65 

-o.fig 

1-^ 

13.54 

U.36 

13.38 
t3*SS 

14.39 

— O-36 

Jm. 31446. 

-0.30 
“O.56 
—O.IO 

Jan. .1 

Febx 2.424 .. 

Febx 6455,,.. .. 

14.TO 
1512 

16,56 

1 i? CH 

Feb. 6499...,,,,, _ 

4o le 

15.66 

14-97 1 
IS 19 

16.1a 
1641 1 

iA f t 

-0.23 

Fcbr 7466..*... . 

* 3 1 

■'^‘35 

-04s 

-0,41 

-0.13 

+0.13 

+0.01 

14.38 . 

15.44 


Feb. 15414 . . ,,xx .. . 

Frh. 14497_.,. ., . 

Feb. 34446, ...x 

16,5a 

17.01 

—V.£4 

-0,73 

—0J2 

— o-U 

-0x14 

-0.75 

— 0.50 
—040 
—0,25 1 

-04s 

— 0,3Q 

- 0.54 

“0.61 

Feb. 14477 __ 

16.19 

16.25 

15.76 

15.70 
is-i6 1 

l6,0i 

16.12 
1643 

«i,8a 


Marx 1441..... .. .xx.x. J 


Mir. 2413.,,,, .... 

16x36 

iS-Tfi 

]6,qB 

16.as 1 

— 1 01 

14.S4 


Mar. a469.x,. .. 

J.tTj 

-0.59 

—o.iS 
—0J4 

“ t*> J a 

-024 

Mar. 9.376.x.,,*,, .. 

Mir, 9455 __ _ 

*+43 

-0.37 


16.3+ 



Mir. 3^,373. . X. X X . . * 1 


^ ! 





Jiq* 304^-, 

3B.7 

—oS 

40-J 

—0,6 



Jin, 30x502 .. 

3@-2 

' -o-s 

+0-9 

^o.a 

40.7 

+O47 

Jin. 31446.. .. 

40,f 

"0x7 

19 3 

-o.s 

394- 

—02 

Jan. 31493... .. 

' 38 7 

-IxJ 

J7-3 

' -0.6 

3S’7 

—0.5 

Ffl*- *-tSS. 

— 


4J-7 

+03 



Febx 74M. ____ 


—‘ 

41^4 1 

-04 

— . 

— 
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It soon became evident that the width of the oxygen lines 
was increasing. The lines, especially X 6300^ were so sharply 
defined that it was possible to measure their width accurately* 
Table 3 gives the results of measurement. L-nder the heading 
fVf Emission i, are given the widths of the lines in angstroms 
measured from the outer edge of the shorter wave-length 
component to the outer edge of the longer w'ave-length com¬ 
ponent- This of course is not the true width of the lines as 
the effect of the photographic spreading must be taken into 
account. The ha If-widths of comparison lines of approxi¬ 
mately the same intensity and situated in the vicinity of the 
oxygen lines are given in table 4 in columns marked wdth C, 
The true width of the lines can be obtained from th^ data of 
table 3 by applying twice the value of the correction C* It 
was foundj however, that the general cur^e of the width does 
not appreciably change its shape when this correction is 
applied but is merely shifted down. Since other emission 
lines were not so well defined as the oxygen lines and the 
correction for spreading would make little difference in that 
case it was decided not to apply this correction at all. it is 
given in table 4 for the convenience of those who might wish 
to compare my results with the results obtained at other 
observatories. 

It is seen from Figure i that all three lines of neutral 
oxygen show a very similar variation in width. From the 
beginning of the observational period they steadily increased 
in width slowly at first and faster later until the peak was 
reached in the middle of February- After this there was a 
decrease in width with a secondary minimum near the middle 
of March. The last measure of March ji shows again an 
increase in widlh* The most consistent curve is that of X 6300 
which is natural enough since this line was the sharpest and 
strongest of the three. 

It looks^ at least so far as the available material is con¬ 
cerned, as if the gromh of the bands in width can be rep¬ 
resented by a line with a superimposed sirtusoid. In three 
months just one cycle was covered. For X 6300 the straight 
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table 4 

FaitaiDDEN OxvGKH 
Ifidih aiul liueniily of tkt Campotunlf 


iy ^ lo 




h Ajoe 

A 

irr 

Wit 

C 

'H 

IIV 

Wjt 

C 


uv 


C 

is 

Jan, 

5.491.. 

— 

— 

— 

— 


■— 

044 

12 


_ 

0.33 

11 

Jan, 

5,514...... 

— 

— 

— 

— 

— 

■— 

O-41 

12 

— 

— 

— 

— 

|an^ 

tI-491...... 

■— 

— ' 

0,35 

13 

T.60 

T.37 


3 

-- 

— 

0.27 

10 

Jan. 

»t SlJ . 

— 

—■ 

— 

— 

— 

— 

ass 

8 

— 

— : 



JacL. 

ii4Sj - 

’ — 


— 


147 

2.94 

044 

13 

— 

— 

—^ 

— 

Jan. 

. 

— 

— 

—" 

— 

t .30 

2.07 

0.37 

3 

— 

— 

— 

■ - 

Jai2. 

iS.|c6,, ,, 

— 

1 — 

— 

— 

— 

— 

042 

9 

— 

— 

— 

- - 

Jao. 

13547...... 

— 

— 

0.39 

lO 

J 99 

2.92 

04a 

' 13 

— 

— 

Q,36 

9 

Jan. 33490.,..^, 

— 

— 

0.69 

10 

1.S9 

I,^ 

0.4Q 

ia 

^— 

— 



Jan. 30464. 

trOE 

349 

0.66 

3 

17+ 


qM 

3 

298 

3^55 

048 

to 

Jan. 

30.503.-*, 


3,36 

o.6d 

7 

2.11 

j-49 

ojSo 

7 

2.97 

3 36 

0^63 

7 

Jiin^ 

31.446..-,, 

3.05 

3.70 

O.6o 

£ 

1.83 

3 *5 

0J7 

7 

2.69 

1*72 

0.33 

3 

Jan. 

31.493-..,., 

4.36 

34J 

047 

IQ 

2.36 

35S 

0.53 

8 

3-53 

3.28 

044 

11 

Ftb. 



— 

oji 

S 

1.19 

2.J3 

0.51 

8 

— 

— 


10 

Feb. 

^4S5 .^ 

— 

>— 

=>-54 

3 

3rl2 

5.55 1 

0.34 

S 

341 

^59 

O.5S 

8 

Feb. 

. 

— 

—, 

ol6i 

ti 

J 33 

3.25 

D.61 

12 



— 

12 

Feb. 

7.4^6 . 

— 

— 

04s 

E 3 

1-77 

144 

0.55 

IQ 

— 

—. 

045 

11 

Fcb^ 

13414. - 

— 1 

—, 

046 

15 

3-95 

3^70 

0.46 

3 

— 

— 



Feb, 

*4497...... 

3™ 

331 

o, 9 i 

B i 

3.16 

5^83 

1-05 i 

f 

3 34 

340 

0-55 

8 

Feb. 

^4446.....' 

199 

3.63 

O.S5 

B 

346 

351 

0.66 

9 




i— 

Feb. 

14477...... 

3.10 

4^4 

0,J2 

10 

547 

340 

□.60 

10 

3.09 

474 

o.6d 

lO 

Mar. 

‘-I4« . 

— 

— 

— 

—■ 

3 SO 

403 

0.71 






Mar- 

14(3 - 

5-75 

3.19 

0.72 

IQ 

157 

3 17 

0,72 

7 

297 

3,91 

045 

10 

Mar. 

3469, - 

54 = 

3 59 

0,62 

12 , 

2 . 7 S 

3 14 

o,6o 

7 


<— 



Mar. 

9J76 . 

570 

14s 

0.59 

7 

1.41 

2 . 9 j 

O.S4 

7 

2.1B 

357 

045 

3 

Mar. 

94S5 .. 

341 

4.30 

0,51 

7 

2.83 

317 

6 ,6t 

7 , 

— 



— 


30.J7J . 

|43 

340 

045 

>1 

3,20 

144 I 

04s 

1 

— 

— 

— 



line would give the increase of 0.049 A per dajf with an ampli¬ 
tude of the three months' variation of about 2 A- Translated 
into acceleration, the half increase in width, 0.0345 A, would 
give 1.17 km./sec. per day*. 

The displacements of the centers of the oxygen lines are 
given in table 3, columns AX. Assuming all the plates to be 
of equal weight, the average displacement for X 6300 is — 0.43 
±0-14 A, and for X 6363 — 0.47 ± 0.38, giving the corre¬ 
sponding velocities of approach in the first case 30.6 ± 6.6 
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km./sec. and in the second 22.3 i 12,8 km./sec. Taking the 
weights of these two series as inversely proportional to their 
probable errors we have the velocity of approach for 01 as 
21.2 km./sec. which is the exact mean of the velocity of 21.0 
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km./sec. derived by the Mount Wilson observers,* and ZI.4 
km./sec. by the Cambridge * observers, both from interstellar 
Call lines. The component of the solar motion in the direc¬ 
tion of the Nova is — 19.1 km./aec. 

This agreement of results derived from OI and interstellar 
Call shows that the envelope of OI did not move much in 
reference to the star but was expanding in all directions with 
a variable acceleration. 

The departures of the center for the aurora line are scat¬ 
tered making the average departure — 0.17 A, or 9.1 km./sec. 
Since this line was not well defined most of the lime the result 
cannot be considered significant. However, rejecting two 
very poor measures of January 5 and January 33 we obtain 
AX = — 0.34, or r = 18.3 km./sec. in good agreement with 
other values. 

When the departures of the center of X6300 from its 
normal position are plotted against the time (Fig. i) they do 
not seem to be scattered at random. They remain always 
negative increasing numerically toward the middle of Febru¬ 
ary and decreasing after that. The curve drawn through the 
departures so as to satisfy their variation best shows the same 
period as the curve of the width of the line, but with the 
phase reversed. Perhaps this point cannot be proved from 
the available material, but if it is correct, then It would seem 
that the expansion of the envelope was not altogether sym¬ 
metrical. It was correlated with the variable acceleration of 
the expansion. When the acceleration was increasing, the 
envelope as a whole was moving toward the observer, and vice 
versa. 

The widths (in angstroms) of the emission components of 
the 01 lines not corrected for spreading are given in table 4, 
It should be remembered that the inner edges of the com¬ 
ponents were never sharp and measures therefore are not 
very precise. We have again (Fig. i) the same kind of a 
curve with the same period but with the amplitude of about 

• PuiL 4T. aoj. IMS- 

*Mqnthlr Notitts, 9S, 575, 1935. 
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one half the width of the whole line X 6500. The increase in 
width of the components proceeded of course less rapidly than 
in the case of the whole line; in fact it Is considerably less than 
one half of the Increase In the width of the whole line. For 
the period of obsert^atlon we have for X 6500 a total increase 
in width equal to 4.1 A. For both coinponcnts of this line 
we have a total increase in width of 1.4 A. Therefore we get 
only 1.4 A for the Increase in width of the whole line if its 
increase was due solely to the increase in width of the com¬ 
ponents. The difference A In the total increase in width 
must be attributed to the shifting of the centers of com¬ 
ponents in both directions from the center of the line. Also 
since the amplitude of the variation in the width of the whole 
line is about double that of the components^ the periodic vari¬ 
ations in the width of line X 6300 cannot be attributed to the 
variation in width of Its components. The line X 6363 gives 
similar but less consistent results. 

The relative intensity of the red component is given in 
table 4 in the columns fi*. The intensity of the violet com¬ 
ponent was assumed to be 10. It is evident that the com¬ 
ponents were not of the same intensity^ At the beginning 
of observation the red component was the brighter onej after 
which its relative intensity was fluctuating. At the end of 
March the violet component was enormously stronger than 
the red one, Occasionallyj as on January 11, February 13 
and March 2, the relative intensities of the components were 
reversed for the mo lines X 6300 and X 6363. 

The middle of the lines between the tw'o emission com¬ 
ponents was not altogether structureless. Sometimes, espe¬ 
cially at the beginning of the observ^^ations a sharp emission 
line was measured exactly in the middle of the whole wide 
emission line. This central emission h well marked on 
microphotograms as late as February 7. All the 01 lines 
showled this effect. 

Finally, between January 30 and February 7 wide emission 
bands were measured on both sides of strong Ol-llnes. These 
bands which 1 call Emission 2 were undoubtedly associated 
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with the principal emission of 01 . Their width is given in 
table 3. It is seen that their width was very great, about 40 
A, and the centers were not greatly displaced in reference to 
_ the normal position of the lines. These shoulders are welJ 
pronounced on microphotograms of that period. They 
probably were faintly present during the whole period of 
observation. No strong emission components as in Emission 
1 Were noticed in these bands. They appear to be structure^ 
Jess. The center of the bands shows a velocity of approach 
(average for all bands) of 19 km./sec. 

The strength of the 01 forbidden lines in Nova Herculis 
suggests an abundance of oxygen in its atmosphere. It 
would be natural to expect the presence of ordinary absorption 
lines of neutral oxygen during the early stage of the develop¬ 
ment of the nova when its spectrum was of the A-type. This 
identification was made by Stratton and Beer ’ on the spec¬ 
trogram of December 21, 1934 obtained in Cambridge. 

The D-system 

The first plate of our series, January 5, already shows a 
highly complicated structure in this region. A variety of 
interpretations may be adopted. A consistent hypothesis 
as to the significance of various features may be illustrated 
by a brief description of pJate P4S9, Jan. 30.464 which shows 
the structure of the D-Iines in its highest development. 

There arc two sharp absorption lines with jt = n.7 which 
remained the most prominent feature of this part of the spec^ 
trum from the beginning to the end of the observation period. 
The £>1 line is considerably stronger than the in the ratio 
of I z : lo. There Is also another pair of absorption lines with 
It — 26.3. These lines are 5.3 A wide, diffuse and by no 
means structureless. The displacement factor refers to their 
middle. Their violet side is very sharp giving an impression 
of strorig absorption lines with jc 29.6. These absorption 
features are called, In order of the increase of the displace¬ 
ment factor. Absorption i, 2, and 3. 

* Mentally Noilces, sSp 43 ^, 
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Emission distinct from the continuous spectrum can be 
seen from Absorption 2 of the D* line for some 40 A to the red. 
It is of highly complicated structure. Absorption i is on 
the violet side of Emission i. This emission shows a hollow 
niiddle and strong flanks as in the 01 lines. The red side 
flank in A is .considerably stronger than the violet (lo 17) 
as in the Fell multiplet fl*S — on this plate, but not as 
in the OI lines for which the reverse is true. In Di the flanks 
are of the same intensity. The width of these emission bands 
i$ 12.5 and 12.4 A for the A and A lines respectively. Their 
centers are displaced toward the red by the amount of 0.6 
and 0.4 A. A combination of these overlapping emission 
bands produces an impression of diffuse absorption lines to the 
red of the first absorption A- These absorption lines, 
how'ever, are nothing but spaces between the strong emission 
flanks of Emission i. This is proved by the weakness or 
absence of these spurious absorption lines when the emission 
flanks are faint in comparison T^rith the middle of emission 
bands. 

There is also a fainter and more uniform emission (Emis¬ 
sion 2) stretching from the second absorption to the red 
beyond the first emission and thus overlapping it. For this 
plate the width of the second emission is 34,3 and 34,6 A for 
A and A respectively, displaced to the red 1.3 and 1.7 A. 
This emission is very diffuse on the red side and measures 
cannot be very precise. On this plate the emission flanks of 
Emission 2 arc clearly visible. 

The development of the D-structure was not going parallel 
to the development of other lines; whereas the 01 lines were 
rather consistently developing the flank components in their 
emission from the beginning to the end of observation, the 
maximum development of this feature in the O-lines occurred 
on January 30. Before that date the structure in Emission i 
was not prominent and on January 23 it was almost completely 
absent. On January 38 it was tjuite strong and on January 
30 it was striking. It was getting less prominent after this 
date and almost entirely disappeared by March. 
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The correctness of this interpretation may be seen from 
the fact that the variation in the width of Emission i given 
(in angstroms) in table 5 {graph, Fig. 2} follows very closely 

TABLE s 

D-svstew 


i 





Di 

Df 

Mean 

Di 

Di 

[ 3 irl-e 9 .D 

Jan. 549s .*. 

i |,0 

134 

11.7 

+ 1,0 

+0.9 

+ T.O 

Jan, 

lz.6 

114 

12,5 

+ 14 

+ 1.2 

+ 1.1 

Jan. ... 

la-O 

11.7 

11,3 

+ 0-7 

+0.6 

+0,6 

Jin, 1S476..,,.., . 

it .7 

T 2.2 


+0,5 

+<>4 

+0.5 

Jin. 4J,S47 . 

ij.i 

12,9 

lj,0 

+O.B 

+0,8 

+0.8 

Jin. a8490. 

11.9 

23 3 

Tl.lS 

+a 3 

' +0.8 

+-0.6 

JiB. JO464, .. 

ii-i 

134 

11,5 

+ol6 

+04 

+0,5 

Jin. 30.ja« __ .... 

% Zr 4 

=32 1 

12.7 

+ ojS 

+0.9 

+0,7 

J»n. 31446 . 


12.6 

[2,6 

+04 

+0.7 

+0,6 

JiB. 3M«,. . 

IJ.l 

13.1 

lj,i 

+14 

+ 1.2 

+14 

Feb. 6 , 4 SS.**,., .- 

13.8 , 


IJ 5 

+i.[ 

+o,S 

+ 0-9 

Feb, 6,499...+ ... . 

11.6 

13.9 

13.3 

4-0.2 

+ 0,6 

+04 

Frb. 74^ .. 

13.S 

135 

13.7 

+ 1.0 

+0.7 

+0,9 

Feb. 13414 . 


150 

15-3 

+ 1,0 

+ 1.3 

+ r,2 

Feb. 24.397 .-. 


143 

ts-i 

+1.6 

+ 1,0 

+ 1^3 

Feb. 24.477 . 

1^9 

244 

i 4 i 

+07 

+0,8 

+0,8 

Mar. Z413+,...,. ____ 

14.1 

t^Q 

14.0 

+ 0-7 

+0.6 

+0.7 

Mar. 9,376 ___ 

IS.* 

t 4 S 

14.9 

+ 14 

+04 

+0.9 


£mij/ion 2 


Date 

Width 

AM 

ih . 

Dt 

M-wn 

Di 

Di 

SJwa 

Jan, 30.46+ .+..+ 

Jan, 50,502.,,. . + , 

Feb, 6435.., __ 

Feb, 7,^ ... 

Feb. 14477... . 

34-3 

344 

394 

341 

34.6 
32.2 
34-1 1 

37-1 

33 3 

34-3 

324 

343 

38.3 

33.7 

+ 1-3 

+t-l 

+1.2 

+ 3^2 1 

+ 1,6 

+ 1-7 

+ 1-5 

-f*2.0 

+3.8 
+ 16 

+ 14 
+ 1,1 
+1,6 

+ 3 -S 

+1.6 


the width of the 01 lines giving a rather flat curve in January, 
rising sharply at the beginning of February and attaming the 
maximum at about February The points on the curve 
are more scattered than in the case of 01 which fact should 
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be attributed to a greater diffuseness of the D emission fea¬ 
tures. It Is seen from Fig. z that the maximum width of 
Emission t did not coincide with the maximum displacement 
of Absorption i. In other words Emission i did not increase 
in width uniformly on both sides. The difference in exposure 
and consequent difference in the spreading of Emission [ 
cannot explain this departure. It would rather work in the 
opposite direction and shift the maximum in the width of the 
emission toward the beginning of the observational period. 
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The displacement of the center of Emission i (given in 
table 5 in the columns A\]) was positive, with an average 
value of 0.82 ±0.19*4 resulting in the velocity of recession 
of 4t.7 ± 9*4 km./sec. This may be contrasted with the 
behavior of the 01 bands which showed the velocity of ap¬ 
proach of 21 km./sec. 

Emission 2 could be measured on five plates (table 5), 
during approximately the same interval as Emission 2 of 01 , 
and suspected on many more. It showed the width of about 
34 A with the displacement of the center to the red twice as 
great as in Emission t. The large value for February 7 
seems to be correct, as the red Banks of Emission 2 for this 
date are well defined. 

If we now turn to the absorption features of the D-lines 
we shall find more precise data. They arc given in table 6. 

TABLE & 


D-iirsTiui AMg^PTtoH , 


Dale 


ai 

ItntEpjjBy 

QfDi 

ih 

D, 

Mean 

J?1 

A 

1 Meaii 

1 

2 

Jan. 5493.. 

11 .DI 

1 C. 2 I 

1[.I1 

354 

26 j6 

16.0 

[O 

S 

Jao, 11,491.., -- 

10.96 

' 10.57 

[O.91 

16.0 

2[,8 

23.9 

IS 

8 

Jan. - 


11.04 

11"^ 

—- 

-- 


IS 

7 

Jan* IS476 .. 

10,^0 

11.04 

loj9t 

22.3 

21.7 

22.7 

9 

3 

jin. 1R.506.. __ 

10.66 

llr2[ 

[0.86 

12rO 

i [.7 

21,9 

10 

3 

Jin. i^,S47 - .- 

][.[G 

It.lO 

[J.14 

264 

26.3 

Z6r2 

8 

5 

Jan. 15470__ 

iiSS 

iiSS 

is -51 

17.0 

Z7.5 

1 27.2 

11 

5 

Jan. 

1147 

11.83 

|[.66 

25.6 

37.0 

26x3 j 

t2 

3 

Jan. 

II.x6 

11.37 

lt.26 

291 1 

3&,3 

28.9 

[0 

5 

jaji. 31446 - 

1172 

[[.Bo 

[J.76 

25.5 

18.7 

z 3 j 6 

9 

5 

>11.31,493. 

1OJ0 

10.96 

10.96 

29.3 

27.8 

18.B 

7 

7 

Feb. 6453 .. 

11.67 

I I 57 

][.62 

293 

23.2 

2 i .7 1 

10 1 

2 

Ftfb- 6499 . 

[£.30 

12.14 

12.Z1 

32 * I 

30.6 

313 

[2 

S 

Feb. 7.41^, . 

11. [6 

11.33 

tz.zo 

1B.8 

2&.5 

2S.6 

12 

s 

Feb. 1J4I4..X., 

1[;62 

[I.03 

il S3 

50.2 

30,1 

30.2 

12 1 

f 

Feb. 14.397. 

I^ 4 S 

IZ.35 

1140 

z 3.4 

173 

27.B 

m 

7 

Febp 24.446 __ 

IJ.SS 1 

12.51 

11.38 

— 


—1 

la 


Febx 34477 .. . . 

[24S 

1340 

12.44 

29 S 1 

1B.3 

35,9 

9 

8 

Mir. 1413 . 

13 .^ 

1156 

[Z.68 

2B.6 

2B.6 

2S.6 

13 

3 

Mir. 9,376. ,.. 

13.20 

[3.21 

13,11 

31^ 

29-3 


10 

m 

Mar. 30.373..,. . 

[402 

15.60 

J4-S1 

■ 



10 

— 
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The displacement factors *1 and k* are for Absorption i and 
2 respectiveijr. The ititetisitjr of A Is given in the last two 
columns, assuming the intensity of A as equal to lo. 

The first absorption ] 3 -lines were usually sharp and 
well defined and measurements were easy and consistent. 
There seems to be no doubt that on some nights there were 
rapid fluctuations in the displacement of the D-lines. These 
fluctuations were especially noticeable on February 6, where 
both sets of the D-lines give consistent results. The two 
plates obtained that night are of the same quality. 

In general Absorption 1 of the D-lines showed a slow de¬ 
crease in the displacement factor from the beginning of 
observations until the middle of January and the subsequent 
increase toward a maximum at the beginning of February 
(Fig. 2). After that the displacement factor decreased again 
but soon began to increase reaching the value of jr — ] j at the 
end of March as compared with k = ii at the beginning of 
January. In other words the velocity of the shell responsible 
for the absorption of these lines Increased from 330 km./sec. 
to 450 km./sec. in three months. 

Absorption 2 shows the same changes in the velocity of 
approach as Absorption i but the amplitude of variation in the 
former case is much greater. This second set of absorption 
w'as not so sharply defined as the first set and measures natu¬ 
rally do not agree so well. Furthermore, Absorption 2 ex¬ 
hibited a rather complex structure. The middle of the 
absorption was meant to be measured but it is possible that 
on some fainter spectrograms not the whole absorption line 
was visible. There seems to be, however, no doubt that the 
variation of a for these lines was very great, from k — 22 
to « = 31, that is from 660 km./sec, during the middle of 
Januarj' to 930 km./sec. during the middle of February. 

Absorption 3, that Is the strongest component of Absorp¬ 
tion z, was prominent on February 7 and 13, besides the 
already mentioned case of January- 50. For February 7 
kt - 29.4 and for Februar>' 13 jc, = 29.7. Only A could be 
measured. 
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The intensities of the absorption lines deserve special 
notice. It was difficult to estimate the intensitjr of the 
line of Absorption i because in some cases the second absorp¬ 
tion was very strong and stretched up to this line. It is 
seen from table 6 that the line of Absorption i was not 
always the stronger of the two. Sometimes the A line of 
Absorption i was decidedly stronger than the A- In Absorp¬ 
tion 2 the A line was always less prominent than A, the dif¬ 
ference in intensity being sometimes very great. Only on 
March 9 were these two lines of the same intensity. 

Absorption 2> as a whole, was not conspicuous at the 
beginning of obser\'ation. It devefoped rapidly in the second 
half of January, and on January 23 it was many times stronger 
than Absorption i. After January 23 it rapidly decreased in 
strength and could barely be recognized on March 9. 

The results of the Mount Wilson observers ‘ indicate that 
Absorption 1 of the D-lines before January 5 showed a very 
rapid increase in the displacement factor, from x = 9 on 
December 23 to x = 10,7 on December 25 after which date 
It increased very slowly to 11.0 by January 5 in agreement with 
my results. This shows, however, that the periodicity in the 
amount of displacement of the D-lincs was not evident before 
January. 

The interstellar lines of sodium could not be identified on 
our spectrograms. They would fall in the region of strong 
emission flanks of Emission i and may therefore be easily 
concealed. 

P. \\. Merrill mentions “other components with much 
greater displacements and an apparently erratic behavior,” 
This refers perhaps to the lines designated in this paper as 
Absorption 2. No strong absorption to the violet of Absorjj- 
tion 2 is in evidence on our plates. Several faint absorption 
lines w'cre measured on some plates within 30 angstroms from 
the I>-Iines, One of them is undoubtedly the neutral helium 
line X 5875.62. On January 28 this line was displaced 
by 6.68 A, giving x= 11.4 in good agreement with the 
' PM. .-l.S.P., 4T, aoj, 19J5, 
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displacements of the D-lines* But on J^nudry 30 s sotnewhAt 
stronger pair was measured at \ 5866.59 and X 5861,06. If 
the first line is the same helium line, then its displacement is 
— 9.03 A and k = 15,4, much greater than for the D-lines, 
The other line may be Sill X 5868.40 with the displacement 
7*34 *>^d = 12.5. On the other hand if this pair belongs 
to the D-system, then the displacements are — 29,34 

28.91 A, with K = 48.8 and 48.1 which roughly corresponds 
to Absorption 3 in hydrogen. 

Hyorogen 

The development of the hydrogen lines H, and Hj, did 
not follow the same course. early in January showed the 
emission core of some 13 A wide with a strong absorption line 
On the violet side. Superimposed on this structure was a 
fainter emission band of some 30 A width with another 
absorption band in its violet side, H, was at that time very 
similar to the D-lines. 

Hj) at the beginning also showed a narrow emission core 
about 10 A wide with an absorption line on the violet side. 
There were only traces of the wider emission band. 

The emission core (Emission i) in was of uniform struc¬ 
ture except for a week, January 30 to February 6, when it 
showed traces of a hollow middle like that of the 01 lines. 
This structure never was conspicuous and on February 13 
it could be seen no longer. H„ on the other hand showed the 
first traces of the 01 structure at about the same time as Hs, 
but as the time went on this feature became more and more 
prominent. In March the core of FL, differed in aspect very 
little from the 01 lines, in contrast with the structureless core 
of Ha, 

The hollow middle of became prominent for the first 
time on February 2. On this plate the width of the absorp¬ 
tion in the core is 4.04 A with the displacement of the center 
d” The width {fV} of this absorption and Its dis¬ 

placement (^X) in angstroms are given in the last two columns 
of table 7. It is seen that the width of the central absorption 


SPECTRUM OF NOVA HERCULIS 


73S 


Datp 


Jaa, 5 - 49 * - 
Jan* 5,51+ *• 

Jan. 1149a _ 

Jan. Il.jtj,.., 

I24&J _ 

Jan. 18476.,,, 
Jan. 18.506,,,, 
Jan. aj.i47„,. 
Jan, 28490.... 
Jan. 30464.... 
Jan. 301,50a.... 
Jan. 3J44]6.... 
Jan, J14K.... 

Feb. i4aa _ 

Feb. 6455... 
Feb. 6499, ... 

Feb, 7.^, _ 

Feb, 15414 _ 

Feb, 1346;.... 
Feb. 24.397...,. 

Feb. 24477. 

1.441..,.^, 
Mar. 3,413.,,., 
Mar S469.,,,, 

Mar. 9.376 _ 

Mar. 9455 . 

Mar. 30.375..,., 
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_ 
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— 
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— 
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1 
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— 
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— 

+*.78 

1 
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2S.S 
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— 
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— 
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iij6 
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2T.S 


— 
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— 
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— 

23-3 

— 

— 
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- 

11.9 

13 1 



— 


— 

— 

■ 

11.5 

13,1 
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38.] 

4S-7 

— 

- — 



13.6 


50.8 

— 

4+7 

— 

— 

.— 

.. 

[5.8 

13 1 ; 
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XfrI 
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— . 

— 

— 
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13 1 
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— 

— 


13.x 
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— 

— 
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+M 

- 

““ 
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284 
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— 1 

— 
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+t ,9 


J3 a 

11.6 
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39.9 

41J 

— 

6,s 

-HiB 


15-0 

— 

3 to 
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+37 

— 
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— 

— 

— 

— 
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— 

12.0 

— 

26.1 

“ 1 

4X-3 

1 

— 


IS I 

— 

27^1 

— 

4S-5 


7-J 

+ 1.3 


16.3 

— 

2S.6 

— 

— 

— 

8.9 

0.0 


17.7 

12-6 

394 

18.3 

47-f 

— 

7-9 

-0,6 


16.0 

— 

38.6 


42^ 


t .7 

—0,6 


l6r2 

— 

28.6 ' 

— 


— 




H 9 

— 

29.6 

— 

+3-0 

^— 

8,5 

+0.6 

' 

(1^3 



— 

(456) 

— 

9 t 

(-2-3) 


in H. osdJIated, gcneraJly iticreaslng with the time, and be¬ 
coming more symmetrical in reference to the normal position 
of H,. On the plate of January 12 a very narrow absorption 
line was measured in the emission core of H,. The connection 
of this absorption line with the subsequent development of the 
absorption core In H„ is not clear. 

The displacement factors for various absorptions of H. 
and Htf are given in table 7. The diagram (Fig. 3) shows 
considerable scattering of values for both lines. This may be 
due either to actual variations in the radial velocity or else to 
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the variation in the structure of absorption lines. All the 
absorption components were complex, apparently each con¬ 
sisting of a number of absorption lines. Of course on weaker 
spectrograms the naicrometer wire would be set on the strong¬ 
est component instead of on the middle of the line. 
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The curves for the displacement factors of the hydrogen 
lines differ greatly from the curve of the D-JInes, In fact 
the only common feature is the gradual increase in the dis¬ 
placement factors from the beginning of January to the end 
of March* 

The maximum displacement of Absorption i in H. 
occurred early in March. appears to have a double 
maximum, one at about January lo and another In the 
beginning of February. There are traces of this double 
maximum in H„ also. 

Absorptions 2 and 3 appear to be quite irregular. The 
data for the last line in table 7 were obtained by extrapolation 
and are less reliable. 

TABLE B 
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34B 
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The width (in angstroms) of various emission features in 
the hydrogen lines is given in table 8. Early in h>'farch four 
superimposed on each other emissions could be measured. 
Emission 4 shows that the rnasimum relative velocity of the 
expanding shells was of the order of 3400 km./sec. 

Figure 3 represents the width of Emission i of H*. The 
maximum occurred in the middle of Febmaiy as in other emis¬ 
sion features of the nova. Emission 2 of FL shows substan¬ 
tially the same picture. 

The displacements {in angstroms) of the centers of the 
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Ha 

H? 
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— 
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0.0 
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— 
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+ 1.0 
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— 
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+ 1.6 
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— 

— 

Feb. 13414,,,. 

+04 

— 

+0.9 

— 
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— 

Feb. 13465,.^ + + 

+04 

— 

— 




— 

Feb, 14-397, .... 

— 

+34 

— 

+ 4-4 

— 

i - 

— 

Feb. 14.477 . 
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+ 1.2 

— 

— 1.0 

— 

— 

Mar. 1441 __ 

+0.1 

— 


— 

+0.1 

— 

— 

Mar, 3413,,., fc 

”0.6 


+ 0,3 

+2.4 

-0.3 


” 0.5 

Mar. 1469. .... 

+0.3 

— 

+14 

— 

+0.6 
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-0.7 
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emission bands from their normal positions are giv'cn in 
table 9. 

The averages of the displacements give positive values 
throughout, but the resulting velocity varies from 7 to 112 
km-Zsec. The average values for Emissions 1 and 2 are 30 
km-/sec- for H* and 97 km./sec- for Hj. The general average 
is 52 km7scc« 

Perhaps the average value does not mean much in this 
case. Plotting the values of the residuals against time (Fig. 
3) a very definite curve is obtained. This curve follows the 
variations of the width of the emission hands with a distinct 
maximum near the middle of February, Emission 1 of H„ 
gives the most consistent results probably because it was best 
defined. There is a striking difference between the curve of 
the departures for Ha and the similar curve for the OI X 6300 
(Fig. i). Except for the fact that the values of AX for hydro¬ 
gen are somewhat larger than for oxygen, the two curves are 
the reverse of each other. This variation can be seen well also 
in Emission i of and in Emission 2 of Other emissions 
were not sufficiently well defined to show this effect definitely. 

It is of interest to note that the emission E>-]incs do not 
show any systematic variation in the displacement of their 
centers. 

The first two weeks In January the emission bands in H, 
and Hj were stronger on the violet side. Later, at about 
January 18, the red sides became much stronger. Generally 
speaking the red edges of the emission H„ were indistinct and 
merged into each other. In on the other hand beginning 
with January 30 the red edges were almost as well defined 
as the violet edges. The red edges were undoubtedly mea¬ 
sured by some observers as Independent absorption lines. 
Certain lines of Fell, especially in the multiplet a*S — 
showed the same effect. 

loNiZi-o laoN 

The lines of ionised iron were conspicuous during the 
first two months of observation. On the plate of January 
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5.492 all the lines of Fell given by Miss Moore ‘ between 
and could be identified. The fainter ones soon became 
indistinct with the increase in the strength of the continuous 
spectrum. 

The Fell lines on January 5 present substantially the same 
appearance as described abov'^e. The results of measure¬ 
ment are given in table 10. 

TABUI to 

lOSEXlfH IlEO^r 
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^ A Mulclpkt T^ble flf A&tiophjr^lc^E luiemc, Priocetaii* 1933. 
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TABLE Id—Cbnn'ji uni 
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3 

[3.04 


^ 4 - 3 i 
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00 

ls.6 

+0L1 

2 








Mc»n 
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The displacements of the centers of emission core (AK) are 
'preponderantly positive as in all emission lines of this Nova, 
except 01 . The displacement factors vary greatly even with“ 
in the same multiplet. This is not surprising in view of the 
difference in the behavior of H« and Generally speaking 
the displacement factors Increase with the increase of the 
w-ave-lcnglh. 

In the first column of table lo the inner quantum numbers 
are given. The letter p in the column for laboratory inten- 
sides means that the line %vas predicted. 

The intensities of the emission lines of Fell in the star 
differ considerably from the laboratory data. Especially 
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noteworthy is the difference in intensity in the first multiplet, 
the lines of which in the laboratory are of equal intensity* 
The prominence of the fainter lines in the star is also remark¬ 
able. The two recently pubJished papers describing the spec¬ 
trum of the nova on January 3 ^ and January 4 ^ do not 
mention some of these lines- The last column of table 10 
gives possible blends with other lines* 

The displacement factors for the multiplets a*S — 
a*G — z*P^ and are given in tables ii, [2 and 1 3, 

TABLF. II 

]oR^E£Eik Iron 


Foct&ri 


Dfttc 


AhsuptLaa x 



Aheofpllioia 2 


^33 



M-eOi] 
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— 



— 
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1 24 

— 

— 

— 

— 

Jan. 11.51 J __ 

ij.i 
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10.5 

iij6 

— 

— 

— 

— 

Jan. 13 - 4 ^ 3 .,,-^^.*.^... 
Jan. 18476 ... 
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12.5 
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11.0 

12a 
H -3 1 


24,1 
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24.1 
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35 VS 
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124 

J 2-4 
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i6L2 

^5.7 

25,6 

iSrf 

Jan, 10464..,,.,* + .+++, 

13.6 
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12-2 
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^3 7 

36 -S 

26.5 
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i «.7 
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28.5 
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FCllr 64-55 - -- -- ■“•*+ + .■» + 

13 ’1 
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17.5 
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7466......,- -- 
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12,6 
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39 I 1 
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Feb. 14.397 .-. 

15,9 
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IS ’9 

^ 5-7 

2^2 

24 5 

25.5 

Mar. 2,413.,....,*,,,-, 

16.9 
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[5,8 

iS-S 
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26.1 1 


26.1 

Mar, 9,3,76, 

1S.7 

15-1 

15.2 

163 


— 

— 

—, 


The value& of the displacement factor are scattered espe¬ 
cially for the last two multiplets. The most likely ejcplana- 
tion of this scattering is the same as in the case of the hydrogen 
lines, namely the complex structure of the absorption lines. 
Other multiplets have been measured only on a few plates. 
They show approximately the same displacement factors as 
the ones given above for the same data. 

^ Grotdan imd RambauBkc, f. Jjtrophyiik^ 109^ 193S’ 

* Bcer^ Monthly Notices^ 55, 51 ®. 193;. 
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TABLE 13 
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TABLE 13 
TDKlT£t> iMATt 
DtSpI^tlHenl Fil£tW 

m - £»/• 
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The diagram (Fig. 4) shows in the multiplet a^S — a 
very rapid increase m the displacement factor early in Janu- 
aryj not shared by the other two multiplets. The curve of 
Absorption i of (i®S — is quite analogous to the curve of 
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the hydrogen lines, whereas and h*D — be¬ 

haved more like the sodium D-Iines, 

The displacements of the center of Emission i for the three 
strongest multiplets are given (in angstroms) in tables 14, 
15 and 16. 
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TABLE 1+ 
loniuJ Iron 


fl*S- 


EiaTe 

DCiplaoncirat of Centaref EcntivioB. I 
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+ 2,1 

+3,1 
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TABLE l6 

loVIZEP UOH 


tute 

Dis^pkceoiciit of Center of Emiftfloa i 

^*347 


J^6 

J»n. s^z .. 

—0.6 

+0.6 

+ 1.0 

11-491.....- 


-O.S 

+O.S 
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•— 

+0.9 

i-rTTT+-li-P + ++ ► 
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Jan, 30.5+7, .. 

-0.^ 

—‘ 

— I-O 
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+u,S 

— 
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Ftb. 6455.,.-.,...... 

+0.2 

— 

— 
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+0.0S 

+0.1 B 

ff km./iec. ..... 

. +t 

+t 

+8 Avtra|t p *■ + 4 kmjstx^ 


It is seen that the values of the radial velocity of recession 
for the multiplet are in approximate agreement 

giving an average value of + 45 km+/sec. The same may be 
said of the multipJet b^D — but the average velocity in 
this case is very small^ + 4 km./sec. In the multiplet 
a^G — the first three lines give an average velocity of 
+ 6 km./sec. or approximately the same as for the multiplet 
b^D — while line X 53 J 6 indicates an entirely different 
velocity of 49 km./sec. agreeing with the multiplet a^S — 

It seems that the multiplet a*G — did not behave as a 
unit. The average velocity for the three mulliplets is 
km./sec. 

The difference in the behavior of lines of ionized iron 
belonging to the same multiplet was sometimes striking* On 
the plate of February 6, for Instance^ Emission 2 is clearly 
seen in all the lines of the multiplet a^S — but the 

relative intensity of the violet and red wings of this emission 
is not the same. For X 4923^ the ratio of intensities of the 
wrings t? : r — s : 10^ in X 5018 t? ; r = 10 : 10, and In X 5169 
it is 12 t to. H(3 on this plate shows the ratio Is 1 : lO. On 
January 30 the emission cores In this multiplet shawled a 
structure analogous to that of the 01 lines. The emission 
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flanks in the core were prominent, but the red component in 
X 4923 was much stronger In reference to the violet than in 
X 5018 and 5169* 

Absorption Z appeared distinctlj for the first time on 
January 18. It was of great width (5-6 A) and 111 defined 
in contrast with the sharp lines of Absorption i, Later^ 
however, the difference in the aspect of these two lines became 
smaller. Both lines w^re broad and diffuse by the end of 
February. 

The core of the Fell lines was well defined on the red side. 
Sometimes, as on January 30, there was on the red side an 
absorption line equal in strength to the absorption line in the 
violet side of the core. This effect could be seen in most Fell 
lines, but was most striking in the multiplet a^S — 

Other Radiations 

The spectrum of Nova Hcrculis in the visual region may 
be said to consist almost exclusively of the ernission and ab¬ 
sorption lines of H, O, Na and Fell. All other radiations were 
very, faint and inconspicuous in comparison with those named 
aboi^e. 

Faint absorption and emission lines mostly of Till, Crlli 
Sell, CII and Nil have been measured on several plates taken 
in January and February^ Some of these lines are mentioned 
by Beer in his paper ^ as occurring in emission. Their 
precise identification is not a simple matter in view of the 
difference in the displacement factors. There are a few lines, 
however, which are of especial interest, A brief discussion of 
them is given below. 

On the plate of January 30.464 there is a broad emission 
line having the same structure as the 01 lines, that is two 
strong emission components with the center fainter than the 
flanks. Its width is ij.4 A and jta center is at X S991-I. 
There are fainter fianks extending from X 5976-0 to X 6008.8 
thus giving 33.8 A for the width of the whole band. On 
January 31 the band was much fainter but the peculiar siruc- 

* Bctr^ M&ntMj' NoiicB, H.A.&.y 95, 53 1955- 
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ture of the 01 could be clearly seen. The wave-length of its 
ceoter was 5991.7, and the width of the central part was 15-^ 
A. absorption could be seen on either date. 

Beer gives ^ line of unknown origin at X 5191.4 strong In 
the sun but weak in sunspots. It is present In a Persei, and 
was observed in Nova Pictoris. According to Beer the be¬ 
havior of this line in Nova Herculis was irregular. 

On the plate of January 5,492 an emission line of 7.8 A 
width with the center at \ 6444.2 was measured. It is ac¬ 
companied by an absorption line at X 6439*^' This line is not 
mentioned by Beer. Perhaps this is the line of unknown 
origin at X 6442.9 observed by Dunham ^ in a Persei. 

Wide absorption bands of considerable intensity not as¬ 
sociated with emission have been measured on several spectro¬ 
grams. Perhaps they are blends of absorption lines. A 
comparison with the spectrum of a Persei does not give reliable 
identiheation. The most intense bands were found at XX 
6329-41, 6354-66 (January 5), and at XX 5213-17, 5248-59, 
6137-42, 6328-35 (January 18). 

i 

Co.N’TlNUOUS SPECfROM 

Tracings obtained with the Moll microphotoraeter of Ohio 
State University indicate great variations in the strength of 
the continuous spectrum in the red part of the spectrum. Be¬ 
fore January iS and after March I there was practically no 
slope to the line of the continuous spectrum on the tracings. 
On January 18, however, the maximum intensity of the 
continuous spectrum between and the D-Iines seemed to 
be in the neighborhood of X 6300. On January 28 the maxi¬ 
mum intensitj’' shifted to X 6500, and on January 30 it was in 
the region K,. On February 7 the maximum shifted again 
to X 6300, and by March there w'as no well expressed maxi¬ 
mum. Such variations in the distribution of intensity of the 
continuous spectrum should affect the color temperature of 
the Nova, producing the effect of an irregular variation In 
temperature. Indeed the values of color temperature of the 

^ Pnne^ion Obimatory N&, % 1919. 
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star derived by Petrie* varj^ from 7^800^ K to 13,000* iv 
giving an average of I0 j 5D0* K on the Greenwich system. 

Geneeovl Remarks 

Nov^ show a great diversity of phenomena implying an 
extreme complexity of physical processes involved. It is of 
course premature to evolve a complicated theory based on 
fragmentary data. Still there are a few salient points which 
may belong only to the time of the maximum brightness of 
the Nova and which indicate a definite period in the develop¬ 
ment of this star. 

The curves of the variation of the displacement factors and 
width of the emission lines with time (Figs, 2, 3, and 4) 
differ somewhat from each other, but they all have one 
feature in common. They all show a wave superimposed on 
the straight line of the increase in the displacement or in 
width. It seems as if a periodic process of some kind was 
going on in the Nova. In view of the subsequent discovery 
of the double nature of the star it may be permissible to think 
that the Nova had two components even at its maximum 
brightness. The shape of the emission lines, first of 01 and 
later of Fell and would alone indicate the presence of 
another body or else of two symmetrical jets issuing from the 
star. The period of variation of spectral features, some three 
months, need not repeat itself later in the history of the Nova. 
The fission may have occurred early in January after which 
time the components have been receding from each other. 

If the variation in the width and displacement of emission 
lines is due to the orbital motion of the components, the 
general increase of both width and displacement must be 
accounted for by the accelerated expansion of the envelopes* 
Here we get into a difficulty, for the displacement of the 
center of emission lines was not the same for all spectral lines. 
Recapitulating the data given In appropriate places we have: 


/ , Si, 1935- 
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TABLE 17 

Radial Velocity feox Lik£« 

^cbiCTit Vdxlty 

Ory^cEi-, - .. ...... —at kmjKC- 

Hydiogtai Ha (Emiu. 1 and a) .-. ,^-30 km./scc. 

Kydrcjgea (Emi». i and ij«- -+ 9^7 km-/w. 

Hydio^d (taeaa). ..-.. -“hS^ km ./kc» 

..... .. +Ht2 km./^ 

todb^ Irofl (mean)^ ------ kntjacc. 

Only oxygen gives a velocity of approach equal to that 
obtained from the mterstetlar calcium lines. In other words 
the ostygen shell was very nearly at rest in reference to the 
star* All other elements show widely different but always 
positive velocities of recession* We have to suppose that 
only the oxygen envelope was common to both components of 
the nova, whereas the other envelopes belonged to the com¬ 
ponent which was receding from us during the period of 
observation. But it is precisely the structure of the oxygen 
lines that gives the best indication as to the existence of two 
components from the very beginning of observation. This 
contradiction in terms is perhaps a warning to stop theorizing 
until more data are available. 

The irregular behavior of spectral lines seema to be well 
established4 This is particularly true of sodium and oxygen 
because these two elements give the best defined spectral 
lines. The deviations from the mean curve are far too great 
to be attributed to accidental errors. This is probably an 
actual variation in the velocity of the expansion of the en¬ 
velopes. This fact is not surprising. Nova Herculis was 
remarkable for its large and irregular v^ariation^ in brightness. 
Whether there was any period in these variations remains to 
be seen. P* M. Rp-es ^ reports evidence of periods of four and 
six days* 

The general trend of the curves of displacement factors and 
of the width of spectral lines seems to be parallel to the light 
curve of the nova. With the decrease in brightness the dis¬ 
placement factors increased and the emission lines became 

* Monthly Notice*, oSi 1^35. 
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wider. The outstanding peculiarity of the curve of the 
displacement factors of H(s and of the multiplet Fell a*S — 
s*/** is the rapid rise between January 5 and January 15. H, 
shows the same effect but not so conspicuously. The Mount 
Wilson results show a similar sharp increase in the displace¬ 
ment factors of the D-lines of sodiiAn between Oecember 23 
and December 26. Perhaps we have to deal here with a lag 
in the development of the absorption lines of hydrogen and 
ionized iron as compared with those of sodium. 

Figure 5 gives microphotometer tracings of a few spectro¬ 
grams on selected dates between H. and the oxygen line 
X 6300. They were copied from original records. The scales 
on the left side show the density calibration obtained with an 
Eastman filter K,. The steps are 0.7 stellar magnitude each. 
Step O means clear film, and step » complete opacity. 

The gradual development of the central absorption in 
can be seen well. On March 9 the shape of the central portion 
of H, was approaching that of the oxygen lines, although the 
absorption was not so deep. Other interesting features are 
the gradual disappearance toward March of the central 
emission in X 6300, the increase in strength of the emission 
flanks in the oxygen lines as compared with the center, and 
the great strength of the Fell lines early in Januarj'. 

The same picture is clear in Plate I which gives the portion 
of the spectrum between and the D-lines on several dates. 
The Increase in the width of the oxygen lines is easily notice¬ 
able. The structure of the H* core can be seen on the spec¬ 
trograms of March 9 and March 30. The relative intensities 
of the emission components in the core of on March 9 
corresponds to that of the oxygen lines on February 24. Also 
the aspect of the core of Ha on March 30 is similar to the 
oxygen lines on March 9. We have here another illustration 
of a lag in the development of spectral features of one element 
in reference to another. 

The first absorption of D-lines of sodium are strong on 
most reproductions. The second absorption is especially 
prominent on the spectrogram of January 28. 
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The comparison spectrum is of iron arc and neon. Plate 
II represents the spectrum of the Nova in January 31, 1933 
from to Hi. 

Sltmaiary 

1. The structure of the prominent emission and absorption 
lines of H, Na, Fell and 01 m the visual region has been 
investigate dp 

а. Emission features consisted of several bands super¬ 
imposed on each other, the intensity of the bands diminishing 
with their width. The centers of the bands were somewhat 
displaced in reference to the normal position of the corre¬ 
sponding lineSp 

3. Displacement factors of absorption lines show a general 
increase from January' 5 to March 30^ 1935 with large 
fluctuations^ 

4. The w'idth of emission bands shows similar fluctuations 
and a general increase with time* 

5. The Center of the forbidden lines of oxygen was dis¬ 
placed to the \dolet;, giving an average velocity of approach 
of 21.2 km*/sec* which agrees well with the velocity of the star 
derived from the interstellar Call lines. The residuals, 
however, are not scattered at random but rather suggest a 
periodic variation In the velocity of approach, 

б. All other emissions w^re displaced in the opposite 
direction indicating a velocity of recession from 7 to 112 

with periodic variations* 

7* The peculiar structure of the oxygen lines with two 
emission components and a fainter emission region betvreen 
them was developed later by other spectral lines- HL was 
the last line to show this structure, 

S, Most spectroscopic data indicate a period of about three 
months in the variation of the displacement factors of absorp¬ 
tion lines and of the w'idth of emission lines* 

9. There were large fluctuations in the distribution of 
intensity in the continaous spectrum. 

In conclusion it gi^'^cs me pleasure to express my deepest 
gratitude to the trustees of the Penrose Fund of the American 
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PhiJosophical Society for a grant which endble<i nie to carry on 
my spectroscopic work at the Perkins Observatory. I am 
also under obligation to Dr. O. Struve, Director of the Yerkes 
Observatory, who put at my disposal the material on the nova 
obtained by the Yerkes Observers, Messrs. Hynek and Hen- 
yey, with the Perkins telescope, 

Augujt 31, 1935 k 
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NEW METHODS IH MASS SPECTROSCOPY • 
ARTHUR JEFPRRr DEMPSTER 
{ttiad tn part jtpril J0, ^93S} 

The recent study of nuclear transformations and the 
evaluation of the energy changes in terms of mass changes 
ha* subjected our atomic weight determinations to an un^ 
expected criticism. If we are to keep agreement with these 
nuclear observations it seems necessary to assume masses 
for several of the lighter elements larger by a factor of i in 
3000 than those hitherto accepted. Although this discrep¬ 
ancy is probably due to a slight error in the comparison of 
the masses of oxygen and helium only, still it is desirable to 
increase the accuracy of atomic mass determinations, as they 
serve as a test of the nuclear changes deduced from atomic 
transformation experiments. 

Resoi-vin'C PotvER IN' Mass Spectroscopy 

The main limitation to increased accuracy in mass deter¬ 
minations is in the comparatively small resolving power of 
the mass spectrographs hitherto used. On page 7S of “Mass 
Spectra and Isotopes,” Aston says: “The resolving power is 
jsuflicient to separate lines differing by i in 600, . =. , since 
the lines are irregularly curved and change in shape as one 
moves from one end of the spectrum to the other, it is impos¬ 
sible to assign positions to them relative to the fiducial spot 
with sufficient accuracy to approach the figure of r in ro,ooo 
aimed at. This can only be done by measuring the distance 
between lines of approximately the same intensity and there¬ 
fore the same shape, when they are quite close together.” 
The accuracy of i in 10,000 estimated by Dr, Aston Implies 
the Judging of the centers, or corresponding parts of the 

*Thh inwtifitiQti was r from ilic P^niott Fund nf the 

American PhiioKphisr^l Society. 
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images to be compared, to an accuracy of one fifteenth of the 
widths of the images. 

The spectra reproduced by Bambridge * show a resolving 
power of approximately i in 200, that is, the image produced 
by the atoms of one clement is so broad that the value ob¬ 
tained for the weight, if one side of the image is observed, 
differs by i in zoo from the weight obtained if the other side 
IS used* Of course, the center is measured but some of the 
mass determinations given by Dt^ Bambridge involve esti¬ 
mating the center of the image with an accuracy of one 
hundredth of the width of the image. While the progress 
made by Dr. Aston and Dr. Bainbridge has been most re¬ 
markable, it is permissible to hope that an increase in sharp¬ 
ness of the images with a corresponding increase in resolving 
power would give a still greater precision in atomic mass 
determinations- 

The new methods described in this paper are, first, a new 
source of ions^ and secondly, a new apparatus for use with 
these sources with the possibility of a greatly increased 
accuracy in the comparison of atomic masses. 

Ion Sources 

The new sources will be first discussed. Most of the 
investigations of atomic masses by positive ray analysis have 
used ions formed by the electrical discharge through gases 
and muAurcs of gases at low pressures. 

In order to maintain as high a vacuum as possible and to 
avoid the formation of hydrides the author has endeavored 
to develop a new source using sparks between metal electrodes. 
In the study of optical spectra several such sparks have been 
developed a$ light sources. These were tried and the most 
successful grew out of the high frequency oscjllating spark. 
Our Vice-President, Professor Millikan, has showu that these 
“hot-sparks,” as he called iheiris give rise to highly charged 
atoms. It proved necessary to reduce the mtensity of each 
discharge and increase their frequency. The apparatus used 
in the preliminary study of these sources is illustrated in 
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Fig. 1. The meial eJcctrode^ are shown at E. The upper 
electrode is held and adjusted by a sylphon bellows B. The 
oscillating current for the spark comes from a Tesla circuit 
T. Some of the ions drift through a slit Si and are accelerated 
by a potential of 2O,0CO volts supplied by the transformer 
and kenotron K. The small holes S* and Sj separate out a 
narrow bundle of ions which Is analysed as in Sir J. J. Thom¬ 
son's experiments by the magnetic and electric field at N,S. 
As the electric and magnetic deflections are at right angles, 



Ftc. I. Cniuit br ihe pnidiictian uid preliiniaary anaIjrtU of ion* fiom « 

vacuum ipairlu 


the ions of one kind give rise to a parabolic trace on the 
photographic plate if various velocities are present. 

Fig. 2, illustrates the ions obtained from a spark between 
tungsten and steel. The presence of multiply chaiged ions is 
shown by the spots with fractional electrostatic deflections. 
These spots with fractional deflections are due to ions that 
have been accelerated as multiply charged ions, but have 
altered their charge between the two holes before reaching the 
electric and magnetic fields. 

The ions obtained from a copper beryllium alloy are illus¬ 
trated in Fig. 3- Multiply charged ions of both copper and 
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beryllium appear. The following elements have been found 
to give ions in these sparks: Li^ Be, C, N, O, Na, Al, Mg, K, 
Nij Fe^ Cu^ Zn^ Pd^ Pc^ Au,—in fact every element hitherto 
tried* It is of interest that elements like Pd, Pi, and Au* 
which have resisted all attempts to study their isotopic 
constitution by the use of gaseous compounds, form multiply 
charged ions verj" readily in these sparks* 

The New Mass SpEcrrstocRAPH 

Let us turn now to the apparatus for which these ion 
sources were developed, and the problem of increased pre¬ 
cision in mass analysis^ As explained in the introduction, 
this is primarily a problem of increased resolution with greater 
sharpness of the ion images^ An ion beam always diverges 
slightly and contains ions of slightly different energies» In 
Dr. Aston^s apparatus there is a focusing at the photographic 
plate of rays that have slightly different energies, but no 
focusing of rays that diverge in direction* In Dn Bain- 
bridge’s apparatus the diverging bundle is brought to a focus, 
but a narrow velocity range is selected and ions with these 
small velocity differences are admitted to the analysing 
chamber and cause a broadened image* The problem is 
analogous to that of the design of an **achromatic^* lens, the 
different ion velocities replacing the different optical wave 
lengths 

The arrangement in Fig. 4, illustrates how an electric 
field may be combined with a magnetic field to produce a 
perfect focus. The ions are accelerated between Si and Sj 
and a narrow ribbon of ray^ is separated by the slit Si, The 
cylindrical condenser deflects them through a right angle and 
brings the divergent bundle of one velocity, Vi, to a focus at 
S^. A bundle of slightly greater velocity, is reunited along¬ 
side those of velocity Vi. By making the radius of curvature 
m the eiectric field the proper ratio to the radius in the mag¬ 
netic field, the bundles of varying energy will all reunite at 
one place on the photographic plate. 

The computations of the radii and the separation between 
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the electric and magnetic field were first carried out on the 
supposition that the slit Si would be placed at tlie beginning 
of the electric field. .After the apparatus had been partlj' 
constructed a complete theory of ion paths in electric and 
magneik fields was published by R, IJeriog.* It was then 


Fug. 4. AET^nj^menT of eircirk AtiJ neiac dc Ida f&cuici 9 dfvi^rg^n e 

hun.iik-' (if n'kh diifcnrnt eflEzrglrii 



kiAE^h^TlG 

FIELD 


decided lo move the slit back 1 cm. from llie electric field, 
and the apparatus was completed with the slightly different 
dimension required by this alteration. 

This perfect focus is obtained for only one position on 
the photographic plate, that is for only one mass at a time* 
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For ton a on either 5idc the focus becomes gradually less perfect 
as the distance increases. This limitation is, howev'er, of 
minor Importance. The isotopic constitution of the heavier 
elements covers only a small range, and in the exact compari¬ 
son of atomic masses, the most accurate result is obtained by 
bringing the various masses into approximate coincidence at 
one point, for example. C’*'* and He"'"*, Be'*'* and C^^ I-It’*"’ and 
ldf+‘ and C'“®, .\\*^ and Hc+'^ to mention only a few. It 
is evident that the spark sources are specially suitable as they 
provide ions ulth a great multiplicity of charges. 

The various parts of the apparatus as drawn in Fig. 4 are 
shown assembled in F ig. 5.* The spark behind Sj is adjusted 
in position by means of the two sylphon bellows shown at the 
top right. One of the magnetic poles has been removed to 
show the slot in ivhich the ions move. The photographic 
plate is held in the bolder H and may be moved across the 
slot by a simple mechanism so that twelve photographs may 
be made side by side on the one plate. 

The Atomic Weight of Gold 

.-\fter some preliminarj' e.xperiments with light elements,7 
the accelerating potential was reduced to 3600 volts and the 
doubly charged tons from a spark between gold electrodes 
were used. The atomic weight 197.2 would make it probable 
that gold consists of two isotopes 197 and [99, in the pro- 
.portion 10 to t. In all the photographs, how'ever, gold gave 
only a single line and no trace of a heavier Isotope could be 
found. By taking photographs with a great difference in 
exposure times, one second and eight minutes, it was esti¬ 
mated that any second isotope if present must have less than 
o.J per cent of the intensity of the main component. It is 
thus very probable that the atomic weight of gold is too high 
by two tenths of a unit. 

* The author h Iniltbicd Lti the .Xintfiniii f^vft Carpofiitkui ioT the 
Injutating- lufjHfi shown between Si and Si. 

f In the paper as read at the AprH 30 ih nieeilng only the prchmioaiy’ expenmentf 
is^re presented ta ihow the rciolvirtg power df the apparatu*. 
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The b^chaviour of the mass spectrograph is illustrated by 
the three photographs of the single gold component repro¬ 
duced in PJ. A, L The displacements sidevvays were produced 
by changing the energy of the rays by two per cent and keep¬ 
ing the magnetic field constant. The silt Width Ss was OA 
mm.; the diaphragm S-t at the entrance to the magnetic field 
was 3 mm. in width. The scale gives the displacements that 
correspond to a change of the atomic weight by one unit. A 
heavier isotope at 199 should have appeared midway between 
the lines shown. The resolving power with this compara¬ 
tively wide slit is 1 in 1000. 

Analysis or Cerium and Cadmium 

The analysis of a sample of commercial cerium metal is 
illustrated by PI. IL Twelve lines were obtained, but no 
doubt a great many of these belong to the neighboring ele¬ 
ments lanthanum, praesiodymium and neodymium vrhich 
must have been present as impurities. More lines appear^ 
how'ever, than would be expected as the masses at 136^ 1383 
148 and 150 do not appear in Dr. .Aston^s analysis of these 
elements.^ A group of sisc faint lines at 155, 156, 157,15S, 159 
and 160 show' that gadolinium was also present to a slight 
extent. The photograph shows the resolving pow^r of the 
instrument and illustrates the importance of purity of ma¬ 
terials in the analysis of the rare earth elemenis. 

With cadmium electrodes eight isotopes were obser^'^ed, 
two faint ones at 106 and 108, followed by a group of five 
strong ones at iio, iii, 112, 113, and 114, and a fainter one 
at ij6* A reproduction is given on PI. A, V* This agrees 
with the analysis of Dr. Aston recently reported ^ except that 
he found an additional isotope at 115. This mass was cer¬ 
tainly not present with the spark sources used in these experi¬ 
ments with the intensity reported by Dr. Aston, There is 
the possibility that hydrides may have been present in his 
discharge tube to a slight extent, as in the case of zinc, and 
that the faint line at 115 was due to a hydride of the very 
strong isotope at 114. 
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The Isotopic Sthuctl’re of Platixl'm, 

Rhodil'M and Palladium 

With electrodes of a platinum rhodium alloy (lo per cent 
rhodium) the doubly charged platinum ions and the singly 
charged rhodium Ions at 103 were recorded as seen on PL A, 
III. The rhodium was found to be single as previously 
obsen'ed by Dr. Aston, and the platinum to consist of five 
isotopes with atomic weights [92, 194, 195, 196, and 198. 
The three middle components are approximately equally 
strong, the heaviest is decidedly weaker and the lightest is 
very faint. The measurements of Aston have showm that the 
heaviest elements have almost exactly integral atomic masses, 
while many elements in the middle of the table have masses 
decidedly below an integral value. By comparing the posi¬ 
tions of the platinum and rhodium lines, the atomic weight 
of rhodium was deduced to be 102.93 ^ -^3i thus 

distinctly smaller than the integer 103, 

With palladium electrodes which contained a trace of gold 
and platinum, the singly charged palladium ions were analysed 
as illustrated on PI. A, 1 V\ It was found that palladium con¬ 
sists of six isotopes with masses 102, 104, 105, 106, io 3 , 110. 
The values were determined by comparison with the doubly 
charged platinum and gold lines which appeared faintly. 

Many photographs with unsharp, irregular lines were 
obtained. These usually were made after several sharp 
photographs had been secured. The diffuseness appeared to 
be due to intense sparks giving a cloud of ionized vapor in 
which the space charge prevented the electric field acting uni¬ 
formly. There is also the possibility of a polarization of the 
electric field plates as observed by Dr. Aston. Gold was 
noteworthy in giving sharp lines even with very intense sparks, 
and It was often used as one of the eleettodes on that account. 
There are still unexplained features connected with the phe¬ 
nomenon, Not all of the isotopes of an element are equally 
affected, and some are affected in a different manner from 
others. On one occasion it was found that allowing the 
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apparatus to stand idle for ten minutes reestablished the 
sharpness of the lines. 

The Isotopes of Uranium 

The analysis of uranium by Dr, Aston has shown only one 
isotope of mass number 238, The rays were obtained from a 
gas discharge in the volatile hexaiAuoride of uranium (which 
had been prepared by Df» v. Grosse).* Any other isotopes if 
present were estimated to be less than 2 or 3 per cent as 
intense as the main component- As uranium is of great im¬ 
portance for the subject of radioactivity, its analysis was tried 
with the new spectrograph. The spark was run with gold and 
uranium metal as electrodes, and also with an electrode made 
by packing a nickel tube with pitch-blende. The doubly 
charged uranium ions were recorded. It was found that a 
feiv seconds exposure was sufficient for the main component at 
238 reported by Dr. Aston, but on long exposures a faint 
companion of mass number 235 was also present. With two 
different uranium electrodes, the faint companion was ob- 
sert'^ed on eight photographs, and also on two photographs 
with the pitch-blende electrode. PL A, VI shows the two pho¬ 
tographs with pitchblende. Ions of gold, and silver impurity 
from the gold electrode were also present. The new compan¬ 
ion appeared at a mass 117.5 (— H X 235). There can thus 
be no doubt of it being a doubly charged ion of mass 235, and 
pot a singly charged ion of lower mass which would neces¬ 
sarily have an integral mass number. The possibility that it 
is due to a compound formed from lighter elements must also 
be considered. . 4 s the neighboring mass numbers 233, 237 
are vacant^ it would have to be formed from an element with 
a single isotope such as gold, bismuth, iridium, or tantalum. 
All but the first may be ruled out as the corresponding metallic 
ions are not present. With gold we find no compound with 
atomic weight 235, 470 or 705^ so that 1 think we may safely 
consider the mass at 235 as an isotope of uranium. 

This faint isotope of uranium is of special interest as it is 
in all probability the parent of the actinium series of radio- 
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active elements. In discussing Dr» Aston*s analysis of the 
isotopes in kad ffom radioactive minerals/ Lord Rutherford ® 
pointed out that the lead isotope of mass zoj is possibly the 
end product of the actinium series, so chat the mass of proto- 
actinium would be 231 (= 207 -j -6 X 4)* This has been 
verified by the recent chemical determination of the atomic 
weight by v* Grasse.^ Lord Rutherford suggested that proto- 
actinium itself may be formed by or and ^-ray transformations 
from a hypothetical isotope of uranium, actino^uranium, with 
a mass of 235 or 239. The old idea of actinium being derived 
from ordinary uranium (238) could not be kept^ on account 
of the odd atomic weights. This theory has been generally 
accepted and is discussed in two papers by v* Grosse+**^* I'he 
period of the new isotope is 4,0 X 10® years compared with 
4.4 X 10* years for the main Isotope^ At present on the 
earth, the relative amount of aetjno-uranium is 0.4 per cent 
of the uranium according to a recalculation by Dr. v. Grosse, 
although it was much more important in earlier geological 
history and would have been equal in amount 3.5 X 10^ years 
ago. Dr. V. Grosse points out that a measurement of the 
ratio of the intensity of the two isotopes in meteors would be 
of interest in connection with theories of the origin of the 
solar system. 

The direct observation of a second isotope thus gives 
great support to this llieory and fixes the mass of actino¬ 
uranium at 235. 

A third isotope uranium II of mass number 234 amounts 
theoretically to only 0+008 percent of the uranium and would 
be too faint for observation by the mass spectrograph. 

The experiments reported in this paper were made pos¬ 
sible by a grant from the Penrose Fund of the American 
Philosophical Society, 

The author wishes to acknowledge the invaluable assist¬ 
ance of Dr. A. £. Shaw in carrying out these experiments, 
especially in the mechanical design and construction of the 
mass spectrograph and in the development of the electrical 
circuits used with it. 
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CHARLES E, ST. JOHN 

Charles Edwakd St* John was born in AUen^ Michigan 
on March 15^ iSj?* His death occurred on April 26^ 1935- 
Dr* St, John graduated, in the Classicai Course^ from iVlichi- 
gan Normal College in 1876^ and from Michigan State College 
in 1887* He was a student in the University of Michigan 
1890 to 1892. Harvard University awarded him the degree 
of Master of Arts in 1893* and the degree of Doctor of Phi¬ 
losophy in 1896. He studied in the University of Berlin in 
1894-95. 

He was a teacher of physics in Michigan Normal College 
from 1885 to 1892. He was an instructor in physics at the 
University of Michigan for the year 1896-97. 

In 1S97 he wag called to Oberlin College as .\ssociate 
Professor of Physics and .\stronomy. In 1899, Oberlin 
College elected him Professor of Physics and Dean of the 
College of Arts and Sciences, a position that he held until 1908 
when he was called, as Astronomer, to Mount Wilson Solar 
Observatorj' of the Carnegie Institution. In 193,0 he was 
made a Research Associate of the Obser\'’atory, a position he 
h!°ld until his death. 

Dr. St. John came to this obsen'-atory when he was fifty- 
one years of age. He spent twenty-seven years there—a 
period of momentous astronomical discovery—as a member 
of a staff who with an equipment of the most powerful 
instruments in the world, mounted in a favorable atmosphere, 
has profoundly influenced astronomical thought, and theories. 

The general field of Dr. St. John^s interest was spectros¬ 
copy j his particular interest was solar physics to which he 
made significant contributions. Among the most important 
of these studies are Solar Rotation; the Sun’s Atmosphere; 
Gravitational Displacement of Solar lines; Solar Wave-lengths 
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In the International System; Photometn" of the Fraunhofer 
lines, and the Revision of Rowland’s preliminary'' Table of 
Solar Wave-lengths. 

He was president of the Commission on Solar Physics of 
the International Astronomical Union; he was a member of 
the Committee of the International Research Conncil on 
relationships between solar and terrestrial phenomena. 

He was a member of the National Academy of Sciences, 
the American Astronomical Society, the .American Philo¬ 
sophical Society, the American Academy of Arts and Sciences, 
and the Societc Asironomiqne de France. He was an .As¬ 
sociate of the Royal .Astronomical Society. 

Dr. St. John was an able productive scientist; a lovable 
friend; a sympathetic listener to a statement of a colleague’s 
problem; a kindly but a wise critic of another man’s work, and 
of its significance or lack of it, and an effective citizen in the 
community in which he lived. 

John A, Miller 

ROL/VND BURRAGE DIXON 

Bv THE death of Roland Barrage Dixon, which occurred 
on the nineteenth of December, 1934, American anthropology 
lost one of its most erudite scholars and the Division of 
Anthropology of Harvard University an invaluable teacher. 
Dixon Tivas born in Worcester, Massachusetts, and died at 
the beginning of his fifty-ninth year. He graduated from 
Harvard in 1897 ^rid took his doctor’s degree in anthropology 
at that institution three years later. In his senior year at 
college he began to assist in anthropological instruction, and, 
advancing through the various academic grades, attained the 
rank of full professor in 1915. For many years he was Chair¬ 
man of the Division of Anthropology, and during most of his 
Harvard career he served without remuneration as Librarian 
and Curator of Ethnology in the Peabody Museum of Har¬ 
vard University, 

This useful scientist laid a broad foundation for his an¬ 
thropological studies by acquiring an e.tcellcnt reading knowl- 
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edge of the more important European languages and a thor¬ 
ough acquaintanee With certain American Indian languages. 
In his years of graduate study he obtained experience in 
archaeology by participating in excavations at Madisonville, 
Ohio; in ethnological training by field w^ork with the Jessup 
Expedition in British Columbia and M'ashington and by sev¬ 
eral summers of investigation among the Indian tribes of 
California. He broadened his antliropological horizon by 
travels in many parts of the world — notably in Asia* Oceania, 
and Central America. Thus he was admirably equipped for 
his life workj which consisted mainly in building up at Harvard 
an effective staff for the teaching of anthropology^ and a broad 
and thorough curriculum devised not only for the general 
education of undergraduates but also for advanced training 
of professional workers- 

A subsidiary^ activity of almost equal value was his or¬ 
ganization and direction of the anthropological library of the 
Peabody Museum which he developed to such a pitch of 
excellence that it is probably unrivalled in the United States. 
This statement merits some elaboration. Dbeon was a pas¬ 
sionate bibliographer and maintained for his own use an 
enormous card catalogue, by author and by subject, of all 
articles in learned periodicals and ail books which fell within 
the wide field of his professional interest—namely the archae¬ 
ology and ethnology of the New World, of Oceania, and of 
, Asia, The amount of time he spent in reading, abstracting, 
indexing, and cross-referencing is probably incalculable. Not 
content with this private bibliographical labor, he planned and 
supervised a similar cataloguing of the entire fieid of antliro- 
pology for the library of the Peabody Museum. He began this 
effort in a poverty-stricken museum, with a meager collection 
of books, pamphlets, and periodicals, and with almost no 
money for library purchases and assistance. Dixon gradually 
established exchanges with most of the anthropological publi¬ 
cations of the world, secured for the library^ a sufficient share 
of the scanty income of the Museum to permit the acquisition 
of important new books, and painfully^ and slowly trained a 
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librar>^ persojiDel which could cope with the almost hopeless 
task of indexing all conieiriporarj'^ anthropological literature 
and catching up on the contents of back hies of scientific 
periodicals. The result of this stupendous enterpriBe is a 
library catalogued virtually to perfection* One may go to the 
card indexes and find not only all the published works of an 
author catalogued under his name* but under each geo¬ 
graphical region all of the anlhropologia falling %vithin that 
territory, and under each subject^ be itTotemisnij Trephining, 
or Travois, a reasonably complete bibliography, all of the 
elements of which may be hauled out from the slacks in a 
very short timCp This achievement in itself would be a suf^ 
ficient monument for a man of science. 

Dr- Dison*s publications are ample evidence of the breadth 
of his anthropological interest. His early work dealt with 
Indian linguistics and included a grammar and tests of the 
language of the Maidu of California. For many years he 
concerned himself with the problem of reducing the number of 
linguistic stocks of the California Indians, by establishing 
their affinities with other groups. He spent more than a year 
in compiling for the Bureau of the Census the most complete 
and accurate enumeration of the Indian population by stocks 
and tribes. Incidentally this volume is probably the most 
valuable ^T3rk extant dealing with the vital statistics of 
racially mixed marriages. In it Dixon tabulated the com¬ 
parative sterility and fecundity of pure Indian marriages and 
of Indian-A\lute and Indian-Negro mixed marriages* He 
proved conclusively that mixed marriages produced more off¬ 
spring than pure marriages and that higher proportions of 
hybrids survived to maturity* 

Dr. Dixon next passed on to the study of the mythology 
of the natives of Oceania, and produced an authoritative 
volume on this subject. He then began to experiment with a 
scheme for classifying races and tracing their diffusion on the 
basis of combinations of tripartite divisions of three particular 
cranial indices* After some years this effort culminated in 
his **Racial Historj' of Man”—-a most unorthodox and in- 
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genious volume in which He applied his method of index 
combinations to virtually all existing skeletal material in 
every country. This book called down upon Dixon’s head 
virulent criticisms by his anthropological colleagues^ but^ In 
spite of defects of method, it has probably thrown more light 
upon racial diffusion than all other previous and contempo¬ 
rary works combinedi. 

Latterly Dixon was particularly interested in problems of 
cultural diffusion, especially In so far as these concerned 
inventions and domesticated plants. His last book ^'‘The 
Building of Cultures “ deals with the^c problems and with the 
influence of environment upon culture. 

Dixon’s lecture courses in Har^^ard University were ency¬ 
clopaedic outpourings of carefully organized information per¬ 
taining to primitive peoples and ancient cultures. They 
were delivered in dry monotone without dramatic interlude 
or comic relief* They were not the sort of popular presenta¬ 
tions which students terminate by spontaneous applause. 
His auditors departed with their notebooks full^ their fountain 
pens empty, and their thirst for knowledge temporarily 
quenched. The conscientious attendant upon Dixon^s courses 
acquired a veritable thesaurus of anthropological information, 
not av^ailable in printed volumes* In spite of the solicitations 
of his pupils and colleagues, Dixon could never be persuaded 
to issue these lectures in book form, and because of his mys- 
.terious prejudice against the posthumous utilization of this 
collated knowledge, it exists now only in notes taken by his 
students* 

Undoubtedly, Dixon^s most valuable pedagogical function 
was the supervision of the research of graduate students* He 
was a most exacting taskmaster, rigid in his insistence upon 
exhaustive bibliographical study, meticulous sifting of evi¬ 
dence, and the deduction of logical conclusions. Many 
anthropologists, eminent in research, owe the attainment of 
their scientific standards to Dixon^s careful training. 

With all of his scholarly preoccupation, Dixon nevertheless 
found time to make for himself a private life of abundant 
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satisfaction—at least to a person of his individualistic tastes. 
He removed himself from the academic turmoil of Cambridge 
and dwelt in a sort of a glorified hermit’s cave at Harvard, 
Massachusetts, some thirty miles awaj^. As a matter of fact 
this abode was a beautiful country house, surrounded by the 
gardens in which he indulged his horticultural proclivities and 
by woods through which he strolled, communing, doubtless, 
with nature. From time to time, he departed for short 
periods to sojourn in certain favorite and secret sylvan 
retreats in the UTiite Mountains or other uncivilized fast¬ 
nesses, Dixon was one of those who delight in the ritual, 
technique, and paraphernalia of camping out. 

Friendship, seemingly, was a minor element in Dixon’s 
life, although he possessed a few intimates to whom he was 
deeply devoted. To the most of his colleagues, students, and 
acquaintances, he was a pleasant and courteous companion, 
frequently a charming and lavish host, but never a man who 
invited or imparted confidences. This aloofness did not 
diminish the respect and affection which he received from his 
associates. Like the Lacedaemonian boy with his fox, he 
endured in stoic silence, a disease which for several years 
gnawed at his vitals. He did not complain; he did not con¬ 
fide; he simply continued his work until he collapsed. Rather 
paradoxically he was both an anchorite and an anthropologist, 
a man who devoted his life to the study of man, and at the 
same time avoided, so far as possible, all unessential human, 
contacts. 

Earnest A. Hootok 
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